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PREFAOE 

Books  special  and  general  on  surgical  topics  exi8t  in  large  numbers.  Un- 
less,  therefore,  in  offering  this  work  to  the  medieal  profession,  something  more 
generally  iisef ul  can  be  produced,  it  has  no  excu8e  for  being,  and  in  the  follow- 
ing  paragraphs  I  will  demonstrate  this  assertion. 

The  entire  field  of  surgical  treatment  is  eovered,  both  operative  and  non- 
operative.  The  indications,  and  eontra-indications,  for  and  against  surgical 
procedures,  are  carefully  elaborated. 

After-care,  postoperative  complications  and  postoperative  operations  are 
given  very  fully  and  describe  the  very  latest  advances,  and  I  believe  that  sev- 
eral  desirable  objects  have  been  attained. 

Aseptic  operative  technic  constitutes  naturally  the  bulk  of  the  work  and  is 
invaluable  and  eminently  practicable. 

It  often  happens,  more  e8pecially  in  the  country  and  in  the  smaller  towns, 
that  the  family  physician  is  left  in  charge  of  the  čase  after  operation.  These 
chapters  give  exactly  the  information  he  may  need  under  such  conditions.  The 
methods  described  are  those  accepted  as  the  best  by  the  profession  at  large.  In 
addition  thereto  many  new  methods  are  here  offered  to  the  profession  for  the 
first  time.    These  are  original  with  the  contributors  to  this  work. 

The  work  was  planned  by  selecting  as  contributors  men  who  lived  in 
Greater  New  York  City  exclusively.  The  majority  of  these  men  have  been 
asdoeiated  with  me  in  hospital  work ;  their  ideas,  methods  and  capabilities  are 
well  known  to  me.  They  are  nearly  ali  comparatively  young  men,  who,  though 
old  enough  to  have  had  large  experience,  have  stili  abundant  enthusiasm.  They 
were  selected  because  of  special  fitness  to  write  on  some  particular  topic  in 
which  each  was  especially  interested,  experienced  and  skillful. 

The  book  contains  the  very  last  word  on  surgical  therapeusis  and  its  aim 
is  to  teli  in  a  practical  and  accessible  form  WIIAT  TO  DO  AND  HOW  TO 
DO  IT. 

It  will  be  noted  that  overlapping  occurs  in  some  sections.  Such  overlapping 
is  largely  intentional  on  my  part,  and  occurs  chiefly  where  new  and  original 
methods  of  technic  have  been  devised  by  the  authors  and  where  each  method  is 
good ;  but  where  a  difference  of  opinion  and  a  choice  are  entirely  permissible,  I 
think  that  such  different  viewpoints  are  a  desirable  addition  to  the  work. 

Diagnosis  and  pathology  have,  for  the  most  part,  been  omitted.     The  two 
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chapters  on  the  X-ray  diagnosis  of  the  alimentary  and  urinary  tracts  are  intro- 
duced  because  they  are  so  important  and  contain  so  much  not  yet  known  to  the 
greater  number  of  the  profession. 

The  illustrations  are  with  few  exeeptions  line  drawings,  most  of  them  orig- 
inal. A  large  proportion  were  made  from  sketches  of  actual  operations  on  the 
living  body  or  upon  the  eadaver,  showing  what  is  actually  visible  during  opera- 
tive  work,  and  not  what  may  be  imagined. 

I  desire  to  thank  the  contributors  to  /'Operative  Therapeusis"  for  their  cor- 
dial  and  enthusiastic  cooperation  with  me  in  the  effort  to  have  the  book  ready 
for  publication  at  the  earliest  possible  moment.  Many  of  the  articies  are  really 
exhaustive  monographs  covering  every  phase  of  the  topic  treated,  and  several 
might  well  have  appeared  as  separate  works. 

Al£xand£b  Bbtan  Johnson. 
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CHAPTER  I 

ASEPTIC   SUBGICAL   TECHNIO 
HoWABD  D.  COLLINS 

The  discovei^  of  the  causes  of  surgical  infections  and  the  means  of  com- 
bating  and  eliminating  their  activities  has  done  more  to  widen  the  scope  of 
surgerj  than  any  other  factor.  The  aneients  certainly  appreciated  that  the 
differences  between  elean  and  unclean  healing  were  brought  about  by  some 
definite  agenta;  but  superstition  played  so  prominent  a  part  in  their  beliefs  that 
as  often  as  not  their  efForts  to  overcome  wound  infections  were  directed  to 
assuaging  the  anger  of  some  malign  deity.  Nevertheless,  a  few  aneient  and 
iiiedieval  surgeons  leamed  by  experience  that  in  many  eases  their  patients 
promptly  healed  if  the  surgeon  abstained  from  too  aetive  treatment  of  the 
Avoiinds.  Others,  groping  in  the  dark,  used  one  medicament  after  another, 
charm  after  charm,  hoping  that  each  would  prove  to  be  the  long-sought  panaeea. 
These  two  groups  were  the  forerunners  of  aseptic  and  antiseptic  followers.  Not 
iintil  1871,  under  the  leadership  of  Lord  Lister,  were  the  causes  of  wound  in- 
fections appreciated  and  methods  initiated  for  relief.  Since  Lister's  time  our 
knowledge  along  these  lines  has  leaped  with  bounds  until  to-day  we  feel  that  a 
large  part  of  the  subject  has  been  mastered.  Science,  however,  is  infinite,  and 
the  years  to  come  may  prove  us  to  be  to-day,  only  at  the  threshold  of  our  know]- 
edge  of  repair. 

The  march  of  time  will,  in  a  few  year8,  ali  too  soon,  eliminate  from  the  field 
of  aetive  surgical  endeavor  those  masters  of  their  art  who,  trained  in  their  sub- 
ject in  the  preaseptic  days,  lived  long  enough  to  see  the  new  era,  take  advantage 
of  it5  knowledge  and  perfect  themselves  in  the  new  methods.  They  are  indeed 
masters  of  8urgery,  for  in  their  early  years  they  learned  to  treat  wounds  with 
reapect  and  conserve  the  energy  of  their  patients.  Without  the  adjuncts  of  the 
laboratory  and  X-ray  they  trained  their  power8  of  logical  reasoning,  their 
scnse  of  touch  and  respect  for  the  damage  they  could  do.  With  such  an  equip- 
ment  it  is  not  strange  that  they  should  stand  out  so  preeminently  when  ali  the 
iiew  magic  was  put  at  their  disposal. 
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ASEPTIC    SURGICAL   TECIINIC 


AGENTS  OF  INFEOTION 

The  varieties  of  streptococci  and  staplivlococci  with  their  protean  mani- 
festations  are  the  eommonest  causes  of  siirgical  iiifection,  biit  it  must  be  borne 
in  mind  tliat  a  host  of  other  gernis  niay  be  introduced  into  wound8  so  as  to  inter- 
fere  with  aseptic  resiilts,  such  as  tubercle  bacilli,  Spirocha»tiC  pallidse,  gas- 
prodiieing  bacilli,  pvocvaneus,  anthrax,  etc.  The  most  resistant  of  these  causes 
of  infection  are  the  spores  of  anthrax,  and  such  agents  as  will  destroy  the 
anthrax  spores  will  produce  coniplete  annihilation  of  aH  other  pathogenic 
forms. 


SOUBOES  OF  INFEOTION 

Lord  Lister  ascribed  the  niain  souree  of  infection  to  the  germ-laden 
air  and  directed  his  principal  attention  to  the  antiseptic  action  of  a 
spray  of  carbolic  acid  so  as  to  sterilize  the  air  abont  the  field  of  opera- 
tion.  At  present  we  regard  the  air  to  be  of  but  little  moment  as  a 
souree  of  infection,  and  seek  to  remove  or  destroj  the  germs  at  such 
points  where  thov  mav  alreadv  have  fonnd  lodgment.  The  germs  of  in- 
fection lod^e  in  the  skin  of  the  patient,  the  hands  of  the  surgeon,  in 
clothing,  instrumonts,  weapons,  and  the  earth  itaelf,  so  that  tramnatic 
wounds,  either  accidental  or  intentional,  aro  prone  to  infection  uniess  the 
inHicting  objocts  are  sterile,  or  means  are  promptiv  taken  to  render 
inert  the  germs  introduced. 


BKETHODS   OF  PBEVENTION   AND   OOUNTEBAOTION 

Schimmelbusch  fonnulated  a  list  of  the  means  to  prevent  and  counteract 
surgical  infection,  which  was  as  follows : 

1.  Mechanical  means 

2.  Germicidal  agenta,  heat  and  chemicals 

3.  Agents  that  arrest  l)acterial  gro\vth  within  the  body 

4.  Agents  directed  against  ptomain  products 

5.  Agents  increasing  bodilv  resistance 

The  laat  three  nicthods  implv  that  infwtion  alreadv  exists  and  so  their  em- 
plo\Tnent  would  l)e  strictlv  antispjttir,  The  ideal  con<lition  we  seek  is  asepsis, 
and  thia  can  onlv  l)c  ol)tained  by  completo  sterilization  l)efore  tlie  \vound  is  made, 
so  \ve  nnist  direct  our  attention  to  tlio  first  t\vo  methods.  The  handling  of 
infected  wounds  and  general  infection  is  fnllv  covered  in  another  chaptor  of  this 
work. 


METHODS  OF  PREVENTION  AND  COUNTERACTION 


MEOHAKICAIi    MEANS    OF    STEBILIZATION 

Mechanical  ineans  are  iincertain,  bnt  they  should  be  oiir  first  step  toward 
sterilization  aiid  are  best  aeeomplished  by  the  vigoroiis  iise  of  soap,  hot  water, 
and  scrubbing  bnish  or  cloth.  Ali  artieles  intended  for  surgical  work  whieh 
will  not  be  injured  by  siich  a  procedure  should  he  thoroughly  scrubbed  with 
liberal  applieations  of  soap  and  hot  water  to  reniove  palpable  dirt,  grease,  etc. 
Instruments,  rubber  goods,  gla88ware,  surgeou^s  hands  and  patient's  skin  should 
ali  be  so  treated. 

aEBBaCIDAIi    AGENTS 

Heat. — lleat  is  the  most  valuable  of  ali  our  germicidal  agents,  and  wher- 
cver  i)ossible  should  be  the  agent  employed.  Boiling  in  elean  water  is  the  best 
form  of  heat  available,  for  boiling  water  will  destrov  anthrax  spores  in  two 
minutes.  Xext  to  boiling  water  eomes  live  steam — by  live  steam  we  mean  satu- 
rated  or  air-free  steam — which  may  be  used  at  normal  pressure,  or  better  yet  if 
superheated,  i.  e.,  under  increased  pressure  (TV^  kilos  or  15  pounds,  twice  tho 
normal  atmospherie  pressure,  raises  steam  to  121°  C.  or  250°  F.).  Steam  un- 
der such  a  pressure  will  enter  ali  crevices  and  intersticcs  of  gauze,  cotton  cloth- 
ing,  etc.,  unless  they  be  compressed  very  tightly.  Live  steam  destroys  anthrax 
spores  in  15  minutes  or  less. 

HOT  AIR. — Ilot  air  at  140°  C.  or  higher  is  a  fairly  valuable  sterilizer,  but 
requires  about  3  hours  to  kili  anthrax  spores. 

CAUTERY. — The  actual  cauterv  is  positivo  as  a  germicide,  but  of  course 
destructive  to  tissue.  An  unclean  surface,  as  an  ulcer  for  example,  may  be  ren- 
dered  completely  sterile  by  its  use,  although,  of  course,  at  the  expense  of  aH  the 
superficial  tissue. 

Careful  study  of  the  results  of  sterilization  by  boiling  or  steam  (our  most 
efficiont  means)  has  shown  that  the  ordinarv  pathogenic  bacteria,  as  well  as 
anthrax  spores,  are  dcstroyed  in  a  short  tirne,  but  culturcs  madc  of  the  sterilized 
ohjects  at  the  end  of  24  hours  have  ofton  shown  the  development  of  isolated  and 
attenuated  growths  of  spores  whose  effcct  on  the  bodv  has  not  been  detormined. 
That  these  spores  are  probablv  harmlcss  is  proved  by  the  ncarlv  uniform  ascpsis 
of  woun(i8  where  reliance  has  heeu  placed  on  the  ordinary  processes  of  steriliza- 
tifm  of  surgical  materials  by  boiling  and  steam.  Nevertheless,  as  long  as  any 
development  does  take  plače,  the  material  cannot  be  considered  perfectly  sterile 
in  a  strict  scientific  sense.  To  rendor  materials  absolutelv  germ-free  it  is  neces- 
sarv  to  submit  them  to  fractional  sterilization.  This  consists  in  subjecting  the 
materials,  catgut,  gauze,  etc,  to  three,  four  or  even  five  separate  boilings  or 
impregnations  with  steam  at  intervals  of  24  hours.  This  method  renders  surgi- 
cal supplics  absolutelv  germ-free,  but  is  a  refinement  hardly  called  for  in  order 
to  destrov  the  rec()«niizcd  infectious  bacteria. 

Chemicals. — (^hemicals  are  in  manv  instances  activo  germicidal  agents  and 
form  a  valuable  armamentarium  in  our  aim  for  asepsis.     No  chemicals  can  com- 
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pare  with  boiling  or  Hve  steam  for  efRciencj,  but  much  of  our  material  will  not 
submit  to  boiling  or  steam,  and  so  perforce  we  must  resort  to  chemicals.  The 
lists  suggested  as  being  aetive  germicides  are  appalling,  and  gradually  the  sur- 
gieal  world  is  confining  itself  more  and  more  to  a  few  of  the  highly  recognized 
gemiieidal  chemicals. 

BICHLORID  OF  MERCURT. — At  the  top  of  the  list  should  be  placed  bichlorid 
of  mercury.  This  chemical,  in  strengths  of  1 :  300,000,  chceks  but  does  not  de- 
stroy  growths  of  anthrax  spores.  Used  in  strengths  of  1 : 1,000  it  is  a  most 
vahiable  agent  for  sterilizing  glassware,  nibber  goods,  etc,  if  the  articles  are 
free  from  grease  and  allowed  to  remain  immersed  in  the  solution  for  a  suffi- 
ciently  long  tirne — one  hour.  Even  under  these  conditions  anthrax  spores  are 
not  de8troyed.  Bichlorid  of  mercury  solution  has  but  little  power  to  penetrato 
unbroken  skin  unless  applied  for  a  long  time,  and  so  is  of  no  use  in  destroying 
bacteria  underlving  the  more  superficial  skin  layers.  Bichlorid  of  mercury  on 
raw  surfaces  forms  an  albuminate  of  mercury  coating  which  is  a  serious  bar- 
rier  to  further  activity  of  the  drug,  and  the  destruction  of  healthy  surface  cells 
is  of  more  harm  than  the  value  of  its  application.  But  little  reliability  should 
be  placed  on  its  use  for  sterilization  of  the  patient^s  skin  or  surgeon's  hands. 
Bichlorid  of  mercury  should  not  be  employed  in  sterilizing  metal  instruments, 
as  it  is  destructive  to  the  metal  itself. 

CARBOLIC  ACID. — Carbolic  acid  was  the  mainstay  of  the  early  day8  of  anti- 
sepsis,  and  in  strengths  of  1 :  20  to  1 :  40  is  germicidal  for  most  {)athogenic 
organisms,  but  not  for  spores.  In  greater  strengths  it  is  highly  injurious  to  the 
tissues  of  the  body.  It  presents  one  advantage  over  bichlorid  of  mercury  in  that 
it  is  not  destructive  to  metal  instruments.  As  an  application  to  the  skin  it  is 
decidedly  superior  to  bichlorid  of  mercury,  owing  to  its  increased  permeability 
of  unbroken  skin,  but  the  weak  solutions  necessary  for  safety  are  so  mildly 
antiseptic  as  to  render  it  but  of  slight  value.  Lysol,  creolin  and  other 
coal-tur  products  act  in  a  similar  manner  to  carbolic  acid,  but  are  lesa  dan- 
gerous. 

lODiN. — lodin  (in  tincture)  has  a  powerful  germicidal  action,  and  has  in 
the  last  f ew  years  attained  great  and  deserved  popularity  as  an  agent  for  steriliz- 
ing the  skin,  catgut,  etc. 

POTA88IUM  PERMANGANATE. — Potassium  permanganate  (1 :  20)  is  a  good 
sterilizer  of  skin,  but  its  stain  is  deep  and  fairly  lasting,  requiring  decoloriza- 
tion  by  a  saturated  solution  of  oxalic  acid. 

lODOFORM. — lodoform,  it  is  claimed,  has  a  specific  action  in  arresting  tu- 
bercle  bacilli  growths  and  stimulating  the  tissues.  Its  objectionable  odor  and 
poisonous  properties  counteract  its  value  to  some  extent. 

ALCOHOL. — Alcohol  (95  per  cent.)  is  a  vahiable  destroyer  of  the  ordinary 
bacteria  of  infection,  but  of  little  value  against  spores.  It  has  great  efficacv, 
however,  as  a  stimulating  and  soothing  dressing,  preferably  when  used  in 
strengths  of  50  to  60  per  cent. 
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FOBMALDEHYD  GA8. — Formalilehjd  gas  is  a  powerful  disinfedant  and  is 
extensivel^-  used  for  disinfecting  clotiiiiig,  rooms,  etc.  TLis  gas  is  the  beat  ageut 
kriowii  for  sterilizing  zine  oxid  adhesive  plaater  and  gutta-percha  tissue.  An 
aqueous  sulution  (40  vola.  of  gas)  is  a  valuable  disinfectant  but  irritatiug  to  the 
living  tiasiies, 

tu  addition  to  the  chetnicals  already  mentioned,  the  list  could  be  greatlv 
extended  by  inentioning  ether,  hydrogen  peroxid,  boric  acid,  acetate  of  alu- 
minum,  aa!t  solution,  etc. — ali  chemicals  possessing  more  or  less  active  germi- 
cidal  properties. 

The  selection  of  one  or  more  of  the  individual  dnigs  mentioned  in  tbe  fore- 
going  list  13  highl,y  proper  for  the  treatment  of  infected  woimds.  Practicalty, 
biit  little  reliance  is  placed  on  most  of  them  to-dav  for  the  piirpoae  of  ren- 
dering  ascptic  the  field  and  appliances  for  a  modern  snrgieal  operation. 

Their  indications  and  usL'y  in  the  treatment  of  infected  wound3  will  be 
taken  lip  in  its  proper  plače,  aud  such  of  the  chemicals  used  in  the  preparatorj 
stagca  of  operative  procedure  will  be  diaeuased  in  detail  when  called  for. 

SUTURE  MATERIAL 

The  surgeon  shoiild  bear  in  niind  thiit  siiturca  only  servo  to  hohl  in  appoai- 
tion  the  tissues  of  the  body  nntil  such  tirne  as  agglutination  of  the  tiasues  thera- 
selves  18  sufficientij  strong  to  hold  the  parts  together  without  danger  of  disrup- 
tion  by  muscular  retraction  or  pressure  from  within  or  without  until  complete 
eoiitinuity  or  healing  has  oceurred. 

It  is  impoasible  for  aiiy  autnro  to  hold  tbe  parta,  be  they  akin,  faacta,  muscie 
or  bone,  together  for  any  length  of  time  in  the  presence  of  retraction  iinleas 
agglutination  takes  plaee;  for  without  adhesion  of  the  opposed  snrfaces  and  iu 
the  presence  of  traction,  the  auture  is  bound  to  cnt  through  in  tirno  and  thua 
Titiato  its  purpoae. 

Now  tbe  length  of  tirne  reguired  for  agglutination  and  healing  to  be  accom- 
pliHh<><],  and  in  its  absence  or  delaj  the  tinie  required  for  a  auture  to  c.ut  Ita  way 
tlirougb  tho  tisBiies,  is  a  variahle  and  difficultly  dotenuinablo  factiir;  aud  in  onr 
Bclnt^tion  of  material,  size  aud  method  of  application  of  the  suture  material  wv 
jniiBt  be  guided  by  the  bcmling  force  of  the  patient,  the  character  of  the  tisHues 
fltnd  the  straia  to  urliich  they  will  be  subjected  diiring  repair. 

If  thu  forcgoiug  proposition  be  accepted  as  a  fact,  the  corol!ary  to  it  will 
havo  to  he  eonceded ;  namely,  our  suture  should  bo  of  such  a  size  and  strength 
and  flo  placed  as  to  aerve  oniv  until  agglutination  and  repair  be  well  established 
•nd  by  ifs  tiuoiiosa  aud  anioothneaa  be  as  little  irritatiug  as  pnssiblo  and,  further- 
inore,  wbeii  its  purposo  be  accoraplished,  that  it  disappcar  eithcr  by  absorptioo 
or  removal. 

It  U  a  pommon  pnictioc,  whieli  the  writpr  deprecstce,  to  uso  very  lonR-InBtinp  or 
nun-iil>s<)rtial)li;  suturii  materiul  wilh  the  clulm  that  "tbe  |>atient,'s  tissiii^  miiy  drng  on 
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those  suiurcs  for  a  lifetime  without  danger  of  the  sutures  breaking."  If  repair  of  the 
parts  (loes  not  occur  the  sutures  are  hound  to  cut  through,  and  that  is  equivalent  to 
their  rupture.  It  is  absurd  to  repair  a  hernia  or  a  fraetured  patella  with  silver  wire, 
basing  our  hope  of  a  cure  on  the  wire  not  breaking  and  that  the  resistance  to  muscular 
traction  will  le  transmitted  for  aH  tirne  through  the  wire.  The  use  of  heavy  non- 
absorbable  material,  if  it  serve  the  purpose  until  repair  is  eomplete  and  then  when 
properly  buried  cause  no  irritation,  is  right  enough;  but  how  much  more  ideal  the 
condition,  if  after  the  suture  bas  served  its  purpose,  it  be  removed. 

Catg^t. — Of  ali  siiture  material  at  our  disposal,  catgiit  to-day  presents  the 
nearest  to  the  ideal.  It  maj  be  liad  in  aiiy  size  f rom  but  little  coarser  than  hair- 
line  thickness  to  a  heavy  strand.  Its  strength  is  very  great,  its  period  of 
absorption  hastened  or  delayed  by  methods  of  preparation,  and  what  is  most 
important,  it  can  be  completely  sterilized. 

PREPARATION  OF  CATGUT. — Catgiit  is  obtained  from  the  submucosa  of  the 
small  intestine  of  the  sheep  whieh  bas  been  macerated  and  treated  so  as  to  de- 
Btroy  the  seroiis  and  mucons  layers.  The  gut  is  then  ^^spun"  into  strands  of 
various  sizes  and  lengths.  As  it  eomes  from  the  manufactiirer  the  giit  is  strong, 
soft  and  pliable,  but  ln^bly  infected  with  eountless  bacteria.  The  first  stage  in 
its  surgical  preparation  is  to  \vash  and  soak  the  gut  in  cther  for  24  hours  to 
remove  the  grease,  ete.  After  this  a  number  of  different  procedures  have  been 
deviscd  of  which  the  oldest,  and  theoretically  the  most  ideal,  method  was  to  boil 
the  gut  for  half  an  hour.  VVater,  as  the  solution  in  which  to  boil  the  gut,  wa8  of 
course  out  of  the  question,  for  water  turned  the  material  into  a  gelatinous  pulp. 
Alcohol  does  not  destroy  the  character  of  the  gut,  but  the  boiling  point  of  alcohol 
is  too  low  to  be  of  use  in  destroving  many  forms  of  bacteria.  The  plan  then 
used  was  to  boil  the  gut  in  alcohol  imder  pressure  sufBciently  great  to  raise 
supposedly  the  boiling  point  of  the  alcohol  to  that  of  water.  This  method  re- 
quired  a  complicated  apparatus,  and  was  expensive  and  dangerous,  owing  to  the 
highlv  inflammable  quality  of  alcohol.  In  practice  it  is  found  that  even  the  best 
appliances  fail  to  raise  the  boiling  point  of  alcohol  to  that  of  water  (100°  C). 
Furthermore,  the  absolute  alcohol  of  commerce  contains  Vi  pcr  cent  of  water, 
and  unless  infinite  pains  be  taken  in  the  manipulation,  the  alcohol  readily  picks 
up  1/2  to  1  per  cent  This  amount  interferes  with  the  reliability  of  the  gut  as 
to  strength,  consistency,  etc. 

CuMOL  METiroD. — The  cimiol  method  consists  in  heating  the  gut  in  a  bath 
of  cumol.  Cumol  is  a  highlv  inflammable  but  non-exploaive  hvdrocarbon  with 
a  boiling  point  of  170°  C.  The  cumol  is  heated  in  a  vessel  standing  in  a  sand 
bath  to  a  point  just  short  of  boiling  and  the  catgut,  previously  thoroughly  dried, 
is  put  into  the  cumol.  The  gut  is  kept  for  one  hour  in  the  cumol  at  165°  C, 
when  it  is  ready  for  use  and  may  be  stored  in  jars  of  sterile  alcohol.  There  is 
no  question  but  that  catgut  can  be  rendered  absolutelv  sterile  by  this  method ; 
but  the  preservation  of  the  gut  in  a  sterile  condition  requires  considerable  čare 
and  is  subject  to  oasilv  e(inimittod  errors  in  technic.  It  is  customary  to  store 
the  gut  in  jars  of  sterile  absolute  alcohol.     It  has  already  been  pointed  out  that 
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under  these  conditions  the  alcohol  easilj  absorbs  water  and  thus  interferes  with 
the  value  of  the  catgiit.  The  removal  of  a  spool  of  giit  from  tirne  to  tirne  from 
a  general  reservoir  is  hazardous  from  the  standpoint  of  asepsis. 

The  large  eommercial  purvejors  of  surgical  supplies  have  adopted  the  ciis- 
tom  of  furnishing  catgut  sterilized  by  the  ciimol  method  in  hermetieally  sealed 
glass  tubes  filled  with  sterile  absolute  alcohol.  Each  tube  contains  only  a  few 
feet  of  giit,  and  thus  the  amount  wasted  at  an  operation  is  but  small.  The 
glass  tubes  may  be  and  should  be  boiled  in  water  at  the  tirne  of  the  operation, 
so  as  to  render  the  outsido  of  the  glass  tube  sterile,  permitting  of  its  bcing  han- 
dled  for  the  purpose  of  opening  by  sterile  hands.  Catgut  so  prepared  by  re- 
liable  eommercial  houses  can  be  absolutely  depended  upon  to  be  as  nearly  uni- 
fonnly  sterile  and  of  proper  strength  as  could  be  desired. 

The  mechanical  appliances  for  preparing  and  preserving  the  catgut  by  the 
above  described  methods  are  too  coniplicated  to  render  them  practical  for  use  on 
a  small  scale.  To  overcome  these  difficulties  the  preparation  of  gut  by  the  iodin 
method  was  devised. 

Iodin  Method. — Several  methods  of  procedure  have  been  suggested.  Ono 
of  the  earliest  and  simplest  was  that  of  Claudius,  \vhich  consists  in  immersing 
the  catgut  for  eight  days  in  an  aqueous  solution  of  iodin  and  potassium  iodid 
(1  per  cent.  of  each).  Various  modifications  of  tliis  method  have  been 
adopted,  several  of  which  are  a  combination  of  sterilizing  the  catgut  in  a  bland 
oil  (albolene  or  cumol)  with  a  high  boiling  point,  and  then  storing  the  gut 
in  an  iodin  tincture.  (This  is  practi^,ally  the  cumol  method  plus  iodin 
storage.) 

Moscheowitz  has  originated  the  method  of  sterilizing  the  catgut  (previou8ly 
warmed  to  dri  ve  off  ali  moisture)  in  a  5  per  cent.  alcohol  i  c  solution  of  iodin.  The  gut 
is  left  in  the  tincture  for  five  dajrs,  then  dried  in  a  sterile  towel  and  sto  red  dry  in  a 
sterile  jar.  Mo8chcowitz  has  8hown  by  a  series  of  ingenious  cxperinieiits  that  catgut 
PO  prepared  is  not  only  sterile  in  itself,  but  cheeks  ali  growth8  in  its  vieinity  w]ien 
placed  on  artificially  contaminated  culture  media.  For  over  8ix  year8  catgut  so  pre- 
pared has  been  used  extenaively  at  the  Mount  Sinai  ITospital,  New  York  City,  with 
most  excellent  results.  The  siniplieity,  cheapness  and  proved  reaults  call  for  the 
heartiest  commendation  of  Mo8chcowitz'8  method. 

In  addition  to  the  foregoing  methods,  catgut  has  been  prepared  bv  stori liza- 
tion  in  formalin,  bichlorid  of  mercurv,  silver  salts,  etc.  These  methods  present 
no  advantages  over  the  cumol  or  iodin  processes. 

('hromicizkd  (-ATtiUT. —  Mauv  surgeons  feel  that  the  life  of  a  strand  of  cat- 
gut buricd  in  living  tissue  is  too  sliort  to  fulfill  the  purpose  for  vvhich  the  suture 
or  ligature  is  intended,  and  so  the  gut  should  be  treatcd  in  such  a  way  as  to 
lengthen  its  period  of  absorption.  This  is  best  done  by  soaking  the  gut  for  24 
hours  in  a  4  per  cent.  aqueous  solution  of  chromic  acid,  whicli  raises  the  time 
of  absorption  of  the  gut  by  10  to  20  davs  or  even  longer.  The  gut  so  treated 
is  sterilized  in  the  usual  way  (moist  heat  in  cumol,  albolene,  etc).     The  iodin 
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method  in  itself  rcnders  the  catgut  less  absorbable  than  plain  gut,  and  so  it  is 
not  usual  to  chromicize  gut  that  is  sterilized  by  the  iodin  process. 

Eangaroo  Tendon. — Kangaroo  tendon  is  another  suture  material  derived 
from  animal  tissue  and  behaves  in  the  same  way  as  catgut,  but  is  less  readilj  ab- 
sorbable and  has  greater  tensile  strength.  It  is  prepared  in  the  same  way  as 
catgut. 

Silkworm-Out. — This  is  prepared  from  the  contents  of  the  silk  sacs  of  the 
silkwonn.  It  is  a  fine,  pearly  white  strand,  very  springy  like  fine  steel  wire, 
non-irritating  but  non-absorbable.  It  is  very  popular  as  a  firm  tension  suture  to 
pass  through  and  roughly  approximate  several  layers  of  tissue,  but  should  never 
be  buried.  Silkworm-gut  is  sterilized  by  simply  boiling  in  water.  It  must  be 
used  in  a  wet  state. 

Silk. — The  product  of  the  activities  of  the  silkworm  is  the  oldest  of  aH  suture 
material.  Commercially  it  is  obtained  in  long  strands  of  various  thicknesses, 
either  twisted  or  braided,  bleached  or  dyed  black.  Silk  is  soft  and  pliable  and 
its  knots  seldom  slip.  It  is  non-absorbable  and  should  never  be  buried  except 
occasionally  under  cover  of  the  peritoneum.    Silk  is  sterilized  by  boiling. 

Pagen8techer'8  Thread. — This  consists  of  a  plain  linen  thread  treated  with 
celluloid.  It  presents  similar  characteristics  to  silk,  but  size  for  size  is  stronger, 
and  owing  to  its  celluloid  coating  is  smoother.  It  is  sterilized  by  boiling  and, 
like  silk,  it  should  not  be  buried  except  in  the  peritoneum. 

Silver  Wirc. — Made  from  ordinary  "sterling"  silver  or  pure  silver,  this  is 
a  very  reliable  non-absorbable  suture  and  is  extensively  employed  for  retention 
purposes  in  bone  work.  The  surgeon  should  always  plan  to  remove  the  wire 
after  it  has  served  its  purpose  of  holding  the  parts  together  until  living  union 
has  occurred.  Silver  wire  should  always  be  annealed  before  using,  by  passing 
through  a  Bunsen  or  alcohol  flame  until  a  dull  red.  The  annealing  renders  the 
wire  more  pliable,  less  brittle,  and  at  the  same  time  thoroughly  sterilizes  it.  If 
the  wire  has  been  previously  annealed  it  may  be  sterilized  by  boiling. 

Aluminum  Allojs. — Aluminum  is  known  to  be  absorbed  in  time  by  the  tis- 
sues,  and  aluminum  or  various  allovs  of  aluminum  are  used  as  substitutes  for 
silver  wire.  The  uncertainty  of  the  time  of  absorption  is  so  great  as  to  interf ere 
with  their  usefulness.    Aluminum  and  its  alloy  wires  are  sterilized  by  boiling. 


DBESSINOS 

Material  for  surgical  dressings  should  be  capable  of  freely  absorbing  exii- 
dates  and  discharges  from  wounds,  and  be  ea8ily  and  pcrfectlv  sterilized. 
Gauze  or  "cheese  cloth"  fulfills  these  conditions  admirably.  Cheese  cloth,  as 
furnished  from  the  cotton  mills,  comes  in  lengths  of  about  fiftv  vards  by  one 
yard  wide.  Its  fineness  or  coarseness  varies  in  accordance  with  the  number  of 
threads  to  the  inch — the  intermediate  numbers  being  bost  suited  to  ordinary 
surgical  work.    Cheese  cloth  in  its  preparation  at  the  mili  is  usuallv  submitted 
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to  a  procesa  of  "siziiig"  or  coating  witli  a  aolution  of  atarch,  which  interferea 
8eriousIy  with  the  abaorbent  powers  of  the  material.  To  free  the  goods  frora 
the  siziDg  it  is  neceasary  to  boi!  tlie  cloth  in  a  1  per  eeiit.  solutiou  of  sodimn 
carbonate.  Tho  maiinfactiirers  of  surgica!  siippUes  fiirnish  ganze  fn-e  frotn 
»izing  iii  varioiia  sizoil  packages  hermeticallv  sealed  and  alread_y  sterilized. 
lalicd  i-iiii  In.'  <li'pi'Jiiii;'il  iipon  witii  reasonable  confidence,  but  it  ia 
macli  safer  to  resterilize  gauze  before  use. 

— Ciaiize  is  Vicst  stfrilizod  \}\  siiperbeated  steam  for  thirtv  minutea  in 
an  autoclave,  and  shoiild  be  sulijected  to  fnictionul  sterilization   (2  or  3  steri- 
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i;  RoLLa;  Rubbek  Olovgb;  Drainaok  Tubei. 


lizations  at  intervala  of  24  bours).  The  technie  ib  ub  fo!lowa:  The  gaiize 
eut  nnd  folded  into  sqiiarc3  of  suitable  size  and  placed  in  metal  cylindera  or 
b(>x4^s  wbioh  are  so  dealgned  as  to  liave  perforationa  in  the  top  and  bottom  to 
peruiit  the  frce  paaaage  of  the  steam  tbrough  the  material;  fnrthermore,  tho 
r««plM<'lea  are  equipped  with  sliding  covera,  whieh  when  elipped  into  placo 
tigbtlv  cover  over  the  perforations  and  prcvcnt  contaniination  of  tbe  f^uzo 
duriug  slorage.  Cantion  ahonid  be  exercised  in  packing  the  ganze  in  the  boses 
befare  sterilization  not  to  compress  the  ganze  tightly,  as  thia  interferea  with  tho 
>eacty  flow  of  the  steam. 

I  have  ganze  cnt  and  folded  in  the  following  shapea  for  various  iisea: 

Omuz«  bnndkercbiefs,  about  1  .yard  sqnare  anil  flnffed  np;  aquare8  about  4  bj" 

•  incbes  of  4  thicknesses  of  folded  ganze;  abdoniinal  sponge  pada  1  foot  a^nare 

4  to  6  thtckneasee  with  the  edgea  stitched  together  and  a  piece  of  tape  6  inches 

lang  Bcwed  to  one  conier ;  "leg  rolls"  (J  incbes  wide,  2  _vard8  long,  of  6  lajers  of 
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gauzc;  narrow  drainagc  strips  from  14  ^^  1  i^ch  wide  of  various  lengths  and  2 
to  4  thicknesses;  sponge  pads  2  by  2  to  4  by  4  inches  of  4  thicknesscs.  In 
folding  the  gauzo  to  make  theso  various  sizcd  pads  great  čare  must  be  taken 
to  80  enfold  the  "raw"  edges  of  ganze  that  these  edg^es  are  placed  in  the  center 
of  the  pad  so  as  to  prevent  shreds  entering  the  wound. 

The  assortincnt  of  pads  is  packed  in  metal  boxes  or  cvlinders,  as  already 
dcscribed,  or  put  into  large  towel8  so  folded  over  and  pinned  as  to  practically 
seal  the  package  from  the  air  at  normal  prcssnre.  The  whole  is  sterilized  in  an 
autoclave.  [The  packages  may  be  further  covered  with  parafiin  paper. — 
Editor.] 

Cotton. — Cotton  is  an  indispensable  membor  of  oiir  list  of  snrgical  dress- 
ings.  It  is  fiirnished  either  as  non-absorbent  cotton,  which  is  the  raw  cotton 
cleansed  and  beaten  and  then  rolled  into  flat  sheets  about  1  inch  thick  and  18 
inches  wide,  or  as  absorbent  cotton,  which  is  the  same  as  the  other,  only  bleaehed 
and  freed  from  oil.  Kon-absorbcnt  cotton  is  more  8pringy  and,  being  non- 
absorbent,  does  not  become  mattod  when  wet,  and  is  of  great  value  under  splints. 

Absorbent  cotton,  as  its  name  implies,  is  capable  of  retaining  a  great  amount 
of  moistnre,  and  is  of  inestimablo  value  in  absorbing  pus,  blood,  and  other  dis- 
charges. 

Cotton  is  sterilized  by  steam  in  the  same  manner  as  gauz^.  In  iising  ab- 
sorbent cotton  as  a  surgical  dressing  it  is  not  a  good  plan  to  put  the  cotton  next 
to  the  wound,  but  several  thicknesses  of  gauze  should  intervene.  Flat  sheets  of 
cotton  about  one  foot  square  put  into  a  *^pillow  čase"  of  gauze  is  a  practical 
way  to  use  it  for  a  dressing. 

Lamb's  wool,  moss,  oakum,  felt,  etc,  have  their  advocates  as  outside  dress- 
ings.  Some  of  these  substances  are  absorbent  and  can  be  used  in  extensively 
discharging  wound8.  Others  are  springy  and  serve  as  excellent  padding.  Ali 
can  bo  sterilized  by  drv  steam  heat.    Thev  have  no  advantage  over  cotton. 

.  Sponges. — No  material  is  as  efficacious  for  absorbing  blood  and  discharges 
from  a  \vound  during  an  operatioii  as  the  natural  sea  sponge,  but  the  well-nigh 
impossible  task  of  rendering  a  sea  sponge  storile  has  led  to  the  universal  aban- 
donment  of  this  material.  About  the  onlv  **sponges"  in  use  to-day  for  surgical 
work  are  squares  of  gauze  folded  as  alreadv  dcscribed.  Little  balls  of  absorbent 
cotton  2  inches  in  diameter  and  coverod  with  a  piece  of  gauze  gathered  at  the 
top  and  tied  witli  a  bit  of  cotton  thread  are  used  by  some. 

Impregnated  Oauze. — The  practice  of  aiitiseptic  surgerv  called  for  the  iiso 
of  gauze  impregnated  with  various  chemicals,  to  be  pla(!ed  on  or  into  wounds 
with  the  idea  that  the  chemicals  so  exhil)ited  would  aerve  to  dcstrov  the  patho- 
genic  bacteria.  In  discussing  011  the  previous  pages  the  various  chemical  genni- 
cides  the  writcr  has  tried  to  make  clcar  that  the  substances  at  our  disposal  are 
either  so  irritating  to  the  tissues  of  the  bodv  as  to  do  more  hann  than  good,  or 
else  are  so  feeble  in  their  bactericidal  action  as  to  be  of  little  or  no  avail.  The 
use  of  impregnated  gauze  or  dusting  po\vders  on  supposedly  clean  wounds  is  a 
frank  avowal  of  lack  of  faith  in  one's  asepsis. 
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The  ar^Jnient  mijrlit  bc  raisod  tliat,  given  a  woiiik1  already  septic,  is  it  not 
a  wi8e  plan  to  iise  i  m  pregnati!  d  frauze  t^i  dt-atrav  tlie  bacteria  now  manife8tly 
present?  Our  auswer  is  yvs,  if  theie  he  a  dnifi^  eapahle  of  destrojing  the  bac- 
teria whidi  does  not  at  the  aame  tirne  do  liarni  to  the  body  cella.  lty  belief  ia 
tliat  tli<!  futiction  parainoiiiit  of  gaiizo  packcd  into  ttoiiiids  is  to  abaorb  and  im- 
prisoii  Uic  dischargea  aiid  to  hold  the  vvouiid  OjK-n  and  prevent  pocketing.  As 
800II  as  tlie  gaiize  haa  reaclietl  the  limit  of  its  powpr  of  absorptiou  it  alionld  be 
Temovfd  and  freah  packing  iiitn»dueed.  Tho  aaturated  gaiize  haa  roinoved  in  ita 
nieslius  inany  noxioua  geriua  and  detritne,  ali  woll  rid  of,  bnt  the  real  atmggle 
takcH  plačo  beneath  the  surface  of  tho  walls  of  the  \vound  and  no  germicide  in 
the  form  of  antiacptic  pa(;:king  ean  pcnetrato  to  the  scene  of  contlict  without 
karing  harmed  the  Buperficial  cclla,  the  very  gnardiana  on  whom  we  plače  part 
«f  oiir  relianee.  If  we  uae  siich  niiJd  snbataneea  aa  not  to  injnre  the  body  eells, 
tho  bai-tcricidal  action  ia  wanting  aTid  no  hann  results  exeept  that  tlic  absorbent 
pr)wer  i>{  the  ganze  is  niiich  diminiahed,  as  many  of  ita  meshea  are  filled  to 
oc<*lusion  by  the  drug. 

Most  snrfTLKms  have  aecn  very  aatiafactory  reaiilta  froni  the  injection  of 
Bcck'8  puHtc  or  iodoforTii  W!ix  into  tubcrcidoiis  or  simplo  siippnrative  ainnaea. 
In  aiifih  caaes  the  9atiBfactory  resnlts  depend  not  so  iiindi  on  any  gemiicidal 
action  aa  on  the  distention  of  the  wiilla  of  the  ainiis,  tlnis  obliterating  fo1da  and 
pocJceta,  and  at  the  same  tirne  the  wnxy  paste  fumiahea  a  smooth  aurface  along 
wliieh  the  diseliargea  readilv  nin  to  tho  oiiter  dressiiiga. 

The  iisiial  way  to  prepare  incdicated  a;anze  is  to  dip  or  roll  atrips  of  gauze 
of  the  desired  aize  in  solntiona  of  scloeted  strength  of  the  drug,  as,  for  example, 
bichiorid  of  niereury,  1;1,000,  boric  acid  aaturated  aolution,  balsam  of  Peru, 

lodoform  gauze  is  prepared  as  followB:  Stripa  of  gauze  are  dipped  into 
■nd  alIowed  to  beoonie  thorough]y  impregnated  with  a  mixture  consisting  of  1 
part  io<Ioforni  powdei',  2  parts  glvcerin.  and  2  parts  ateohol,  aH  previou8ly 
sterilizod.     On  removal  the  gauze  ia  kept  in  air-tight  aterile  jars. 

BANDAOES 

The  nsual  bundages  are  raado  from  unbleaehed  niuslin  and  frora  gauze  in 
iT«Tying  leugths  and  v/idtha.  A  particularly  desirable  handage,  bnt  quite  expen- 
jve,  is  uado  from  a  material  aimilar  to  an  "Oxford  shirting"  known  aa  "muli." 
Tbia  bandago  ia  much  moro  pliabte  and  elaatic  than  the  mualin  bandage  and 
firmer  dian  a  gauze  one.  Starch  bandagca  are  made  from  "erinoline,"  a  cotton 
Igauze  of  firm  weight  highly  aized  (trcated  with  starch).  This  bandage  ia  wctted 
before  application,  and  wheu  dried  nnt  iu  plače  ia  much  firmer  than  gauze  or 
mialin  without  the  objection  of  the  wcight  of  plaater-of-Paris.  It  is  an  excel- 
leiit  handiige  for  acalp  wounds, 

Plaater-of-Paris  h."iiditgcB  are  made  by  rolling  gauze  or  erinoline  in  fine 
jiontal  plaater,  rubbiug  the  plaster  well  into  the  meahes  of  the  gauze.    The  work 
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should  only  be  done  in  dry  weather  and  the  bandage  carefully  preserved  in  tight 
boxes  to  keep  the  plaster  from  being  air  slacked. 

In  appljing  plaster-of -Pariš  dressings  the  bandages  are  first  soaked  in  warm 
water  and  roUed  on  in  the  usual  manner.  Čare  must  be  takenthat  aH  bony 
prominences  are  well  covered  with  canton  flannel  or  cotton,  for  the  amount  of 
discomfort  and  danger  that  can  be  caused  to  a  patient  by  the  continual  irrita- 
tion  of  the  hard  plaster  pressing  on  prominent  points  is  considerable.  Re- 
enforcing  plaster-of-Paris  dressing  is  on  the  same  principle  as  reenforeed  con- 
ereto.  It  is  best  accomplished  by  inserting  between  the  tums  of  the  bandage 
very  thin  (1/16  to  %  inch)  strips  of  wood,  one  ineh  wide  and  long  enough  to 
extend  the  length  of  the  dressing.  The  procedure  adds  very  materially  to  the 
strength  of  the  dressing  with  little  addition  to  its  weight.  (See  also  Vol.  II, 
Chap.  III.) 

Silicate  of  soda  or  water  glass  was  much  more  extensively  used  in  former 
times  than  now.  The  methods  used  were  either  to  soak  bandages  in  a  watery 
solution  of  silicate  of  soda  and  apply  as  plaster-of-Paris  bandages  or  to  apply 
the  bandages  first  and  paint  over  with  the  solution.  The  objections  to  silicate 
of  soda  are  its  extra  weight  over  plaster-of-Paris  and  the  length  of  tirne  re- 
quired  to  harden  it  (12  to  24  hours).  These  objections  have  caused  its  prac- 
tical  disuse. 

ADHESIVE    PI.ASTEB8 

The  old-fashioned  moleskin  plaster  is  to-day  the  best  plaster  to  apply 
directly  to  the  skin,  where  it  is  intended  to  allow  the  plaster  to  remain  a  long 
time,  as,  for  example,  in  Buck's  extension,  but  the  moleskin  plaster  reguires  to 
be  heated  so  as  to  sof ten  the  waxv  surf  ace  bef ore  it  can  be  made  to  adhere.  This 
is  an  objection.     [Its  surf  ace  may  be  wiped  with  benzin  or  ether. — Editor.] 

The  Z.  O.  plaster  of  to-day  is  rubber  plaster  improved  by  the  addition  of 
ziiic  oxid.  It  is  not  so  irritating  to  the  skin  as  plain  rubber  plaster,  but  more 
so  than  moleskin.  Z.  O.  plaster  can  be  had  in  big  sheets  or  rolls  of  varying 
width. 

Caution  should  be  exerciBed  in  the  too  frequent  renewal  of  strips  of  plaster  over 
the  same  area.  Some  skins  are  very  susceptible  to  irritation  by  Z.  O.  or  any  other 
plastera,  and  if  the  strips  be  tom  off  every  two  or  three  days  and  fresh  ones  applied,  a 
most  distressing  excoriation  may  result.  It  is  the  writer's  custom  to  cut  the  plasters 
at  the  point  where  they  pass  from  the  skin  to  the  dressings,  leaving  the  skin  portion 
undisturbod,  and  in  reapplying  the  frcsh  plaster  the  now  piece  is  superiraposed  on  the 
old  piece  stili  adherent  to  the  skin.  In  this  manner  6  or  7  layer8  may  be  formed  cor- 
responding  to  an  equal  number  of  dressings.  After  a  week  or  10  day8  the  proliferation 
and  de8quamation  of  the  epithelium  loosen  the  plastor  so  that  a  new  foimdation  must 
be  laid  on  the  skin,  but  this  is  new  skin  and  not  irritated  by  the  frequent  tearing  off 
of  the  plaster,  and  so  no  irritation  results.  Another  very  good  way  to  avoid  frequent 
changes  of  plaster  is  to  apply  strips  of  plaster  to  the  skin  on  either  side  of  the  dressing, 
leaving  a  long  end  to  extend  part  way  over  the  dressing.  This  long  end  is  then  folded 
back  on  itself  so  as  to  obliterate  its  adliesive  siirfaee.     The  tip  is  perforated  and,  with 
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a  tape  inserted  through  the  holee  in  each  pair  of  plaater  strips,  the  dres8in)i:s  inay  be 
tied  in  plače.  Thia  method  does  not  hold  the  dreasing  as  firnily  as  the  precediiig. 
Benzin  dissolves  the  rubber  and  is  useful  in  cleansinK  the  akin  after  using  pjnstcr. 

Narrow  Z.  O,  plaster  stripe  placed  across  a  wound  serve  to  hold  ita  edgea  in  approx- 
imation  ncarly  as  well  as  suturea  and  are  preferrcd  to  sutures  by  manj  sur^eonB. 
Plaster  etrips  so  uaed  must  be  sterilized,  for  they  come  in  direct  contact  with  a  fresh 
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wound.  It  is  a  most  doubtful  plan  to  attetnpt  to  aterilize  Z.  O.  plaater  after  it  ia  once 
manufactured,  the  oeual  way  being  to  eipose  the  plaster  for  a  long  tirne  to  formal- 
dehid gae.    Reliable  aterile  stripa,  however,  maj  be  bad  from  the  manufacturers. 


DBAmAOE  TUBES 


At  one  tirne  glasa  drainage  tubes  were  extenaively  employed  becauae  of 
their  rigiditj  in  keeping  sinusea  open  and  the  easc  with  wliich  the.T  could  be 
sterilized.  Their  brittknesB  and  unjielding  preasure  on  the  tisaties  have  led  to 
their  abandonment. 

Rubber  tubes  are  much  more  eatisfactorj  and  inay  be  used  plain  or  with 
perforatioDs  cut  into  their  sides,  or  the  tube  mav  be  split  louffthivise  or  apirallv 
and  a  strip  of  gauze  laid  into  the  channel.  Tubes  bo  inserted  shonid  alwa.y3 
be  fastened  at  their  outer  end,  for  it  not  infrequentl_v  happens  that  a  tube,  uuless 
so  fastened,  inay  slip  into  a  long  sinus  and  be  temporarilv  lost,  onlv  to  be  re- 
covered,  after  manv  weeks  of  niystifying  absence  of  healing,  by  some  rival 
practitioner. 

The  C^arette  Dnin. — The  so-called  "cigarette"  drain  consists  of  a  strip  of 
gauze  about  which  a  sheet  of  rubber  tissue  has  been  wrapped,  Tbe  gauze 
ahould  project  at  either  eud  beyond  the  tissue.  The  advantage  a  cigarette  drain 
offers  over  a  plain  gauze  packing  is  that  ibe  nibber  tissue  prevents  adhesions 
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between  the  gaiize  and  the  canal  in  which  the  drain  lies,  thus  permitting  the  easj 
and  less  painful  removal  of  the  drain. 

Rubber  or  giitta-perclia  tissne  folded  into  strips  of  several  thicknesses  and 
from  %  to  1/4  i^ch  wide  is  an  exee]lent  drainage  material  for  slight  diseharges. 
Rubber  tissue  is  obtained  in  large  sheets  of  writing  paper  thickness  or  eveu 
thinner,  is  not  elastie,  and  tears  across  the  sheet  with  readiness,  but  not  length- 
wise.  This  should  be  borne  in  mind  in  making  '^cigarette''  and  other  rubber 
tissue  drains.  The  tissue  should  be  folded  with  the  '^grain/'  for  if  this  pre- 
caution  is  not  taken  it  may  so  happen  that  a  distal  segment  of  the  tissue  may  be 
left  behind  when  the  tissue  is  withdrawn  from  a  wound. 

Rubber  tissue  cannot  be  sterilizcd  by  boiling  or  steam.  To  prepare  rubber 
tissue  it  should  be  thoroughly  washed  in  soap  and  tepid  water,  rinsed  oflF,  and 
then  immersed  in  bichlorid  of  morcury  1 :1,000,  or  formalin,  for  several  hours. 
Before  using  the  bichlorid  or  formalin  should  be  removed  by  washing  in  sterile 
water. 

Strands  of  horse  hair,  silk,  or  catgut  are  sometimes  used  for  drains.  Rub- 
ber dam  may  sometimes  be  substituted  for  rubber  tissue.    It  can  be  boiled. 


HYPODERMIO   AND  ASPIRATING  SVEINGES 

Syringes  having  leather  packing  about  the  plungers  cannot  be  sterilized 
without  injury  by  boiling,  the  most  efficacious  but  stili  unreliable  method  being 
to  soak  the  syringe  in  an  antiseptic  solution  like  strong  carbolic  acid  (1:20)  or 
alcohol.  Bichlorid  of  mercury  injures  the  metal,  and  formalin  destroys  the 
leather  packing.  All-metal  or  all-glass  syringes  with  the  plungers  so  accurately 
ground  into  the  cylinders  as  to  give  a  perfect  fit  are  now  readily  purchased,  and 
are  so  superior  to  the  older  types  as  to  more  than  offset  their  increased  cost  and 
shorter  lives.    Such  syringes  can  be  boiled  like  any  instrument. 


INSTBITMENTS 

The  modem  armamentarium  of  the  surgeon  discards  ali  instniments  that 
are  not  exclu8ively  made  of  metal  so  as  not  to  be  injured  by  boiling.  Bone, 
hard  rubber,  and  ivory  are  things  of  the  past.  In  selecting  instruments  avoid 
as  much  as  possible  tools  that  are  complicated  or  constructed  with  deep  recesscs 
and  grooves  which  retain  dirt,  grease,  dried  blood,  etc,  adding  to  the  difficultv 
of  sterilization. 

Instruments  with  aluminum  handles  had  at  one  time  quite  a  vogiie,  the 
advantage  claimed  being  lightness.  The  verv  lightness  is  in  the  writer's  opinion 
an  objection.  A  generouslv  made  and  fairlv  heavv  instnmient  is  far  more 
agreeable  to  use  than  one  of  verv  light  weight  or  of  such  small  diameter  as  to 
strain  the  hand  in  order  to  maintain  a  firm  grasp.    Aluminum  does  not  resist 
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well  the  action  oH  ccrtaiii  cliernieals,  partimilar!y  alkalies,  bo  in  tirne  the  metal 
becomcs  pitted  aiid  rougheiied. 

Gootl  Steel,  heavilv  uickol-plated,  is  the  generallj  adopted  material.  In- 
struiueiita  HLoultt,  alter  iise,  bc  welt  scrubbed  with  soap,  brush,  hot  water,  and 
then  boiled;  after  aterilizatiou  tbey  sboiild  be  weil  dricd  and,  if  neceasar^, 
complicated  joiiita  toiicbed  witb  a  verv  !igbt  lubricating  oil  (like  "3  in  1"). 
To  iietniit  of  eaHj-  (.■leaiiiiijj;,  instniinents  tbat  cousiat  of  two  or  more  parta,  like 
the  blades  of  scissora  or  the  two  limbs  of  heiiioatatic  forceps,  ahoiild  be  equipped 
with  tbe  Freiict  lock  or  similar  deviee  for  the  eae.v  separation  of  the  com- 
ponent  pnrta.  [The  editor  prefcrs  aciBSors  with  a  aorew  joiiit.  The  blades  bold 
clo6eiy  together  and  ciit  longer  at  the  poiots.] 

Beforc  using,  instrumenta  shonld  be  boiled  for  twenty  minutea  in  vvater  to 


mrbioh  1  per  cent.  of  carbmnitp  of  soda  bas  bcpn  addni.  The  anda  plava  a  triple 
pnrt:  first,  it  niiaca  tbe  b.iiliiii:  poiiit  of  tlie  snliition  sli^btlv  abnve  100°  C.; 
Bpoond,  it  dostriivs  aiiv  nil  or  f^rcasc  tljat  niav  bo  proaeiit;  tliird,  it  preventa 
ntsting. 

j\ii_v  Inrge  metal  tank  \vitb  a  covcr  snfficcs  for  an  inatninient  boiler.  The 
Instruments  are  wrapped  in  a  towol  and  placod  in  the  boiling  aolution.  After 
Sterilizatiim  tho  bundle  la  renioved  and  tbe  inatnimente  placed  on  a  storile  towel 
sprcad  oTi  h  suitablo  table,  and  then  eovered  witb  another  storile  towel,  čare,  of 
eonrse,  In-ing  takcn  not  to  contaniinate  tho  inatruments  diiring  tbeir  arrange- 
ment 

ITio  acnompanjing  cut  sbovva  a  small  eonvenient  jnatniment  boiler,  the 
principal  featnro  being  a  perfiiratcd  traj  witb  deep  aides  into  whieb  the  in- 
Btritments  are  plai^od,  and  after  atcrilization  the  trav  containing  the  instm- 
iH  removflil,  tbv  water  draining  off  immediatel_v.  Thia  obviatea  wrapping 
i  iiistrniiients  in  a  tnwel  as  described  in  the  pret-eding  paragrapb. 

Tbe  projier  sturilization  of  kcen-e<lged  inatruments  like  knivee  and  razors 
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(with  metal  handles)  has  led  to  much  diflFerence  of  opinion.  Some  surgeons 
elaim  that  the  fine  knife  edge  is  impaired  by  boiling,  and  this  is  doubtless  truo 
if  the  knives  be  placed  in  the  boiler  with  other  Instruments  where  they  are  apt 
to  be  struck.  These  surgeons  have  even  gone  so  far  as  to  content  themselves 
with  knives  soaked  in  earbolic  alcohol  or  some  other  antiseptic  solution,  a 
practice  which  our  theories  of  sterilization  cannot  condone.  Wrapping  the 
blades  in  wisps  of  cotton  and  then  placing  the  knives  in  the  boiler  with  other 
Instruments  protects  to  a  great  extent  the  knife  edge  from  being  knocked  oflF, 
but  I  believe  that  the  practice  of  dragging  off  the  sheath  of  wet  cotton  markedlj 
duUs  the  instrument. 

Knives  and  razors,  without  other  instruments,  should  be  so  placed  in  the 
instrument  sterilizer  that  there  is  no  danger  of  their  striking  one  another,  and 
then  boiled  without  any  cotton  or  gauze  wrapping.  A  little  račk  of  wire  may  be 
used  if  desired,  serving  to  keep  the  knives  apart  and  from  being  jolted  by  the 
boiling  water.  Knives  should  not  be  placed  naked  in  a  steam  sterilizer,  for  the 
blades  unprotected  by  nickel  plate  will  be  badly  rusted.  Grosse  (2),  of 
Munich,  has  conducted  experiments  showing  that  knives  put  into  glass  test- 
tubes  with  the  mouth  plugged  with  cotton  and  then  put  into  a  steam  sterilizer  at 
100°  C.  can  be  sterilized  in  ten  minutes  without  rusting  the  blades.  The  ex- 
planation  given  by  Grosse  is  that  the  small  amount  of  moisture  of  the  air  in 
the  tube  produces  sufiicient  steam  to  accomplish  the  sterilization,  and  on  cooling 
the  mixture  is  deposited  on  the  relatively  cooler  glass,  and  not  on  the  steel 
plates. 

PREPARATION  OF  HANDS 

By  aH  odds  the  hands  of  the  surgeon  and  his  assistants  and  the  skin  of  the 
patient  do  more  to  infect  a  surgical  wound  than  ali  the  other  causes  put  ta- 
gether,  and  for  that  reason  the  greatest  čare  must  be  taken  in  their  preparation. 
In  the  great  majority  of  instances  the  operative  site  on  the  patient's  body  is 
where  the  skin  is  not  exposed  to  hardening  and  roughening.  If  it  is  so  thick- 
ened,  we  have  as  a  rule  sufiicient  time  to  soften  and  prepare  the  skin  so  as  to 
afford  a  reasonable  assurance  of  sterility.  On  the  other  hand,  the  surgeon  can 
devote  but  a  short  time  each  day  to  the  sterilization  of  his  hands,  and  were  he 
to  employ  drastic  measures  he  would  soon  put  himself  hors  de  combat. 

Before  the  days  of  rubber  gloves  the  čare  the  surgeon  had  to  take  of  his 
hands  in  order  to  prevent  roughness,  cracks,  hang-nails,  etc,  and  the  irritating 
Solutions  and  time  necessarv  for  hand  cleansing  wcre  serious  items,  which  to-day 
have,  thanks  to  rubber  gloves,  been  largely  robbed  of  their  terrors.  One  must 
not  assume  that  proper  čare  of  the  hands  and  cleansing  before  operation  are  no 
longer  necessary,  for  a  leakv  or  torn  glove  may  vitiate  aH  our  dependence  on 
gloves  as  a  sterilo  hand  covering,  and  so,  to  avoid  infection  as  far  as  possible,  we 
should  have  our  hands  in  arood  condition  and  well  clcansed. 

The  conscientious  use  of  gloves  in  ali  operations  and  dressings,  especiallj 


if  the  ktter  be  auppurating,  keeps  the  hands  out  of  pus  and  the  vimlcnt  patlio- 
genic  bacteria ;  siich  handa  aro  niore  readily  cleansed  than  those  thnt  have  dipped 
into  blood  and  pns. 

Noiie  of  tbe  means  of  aterilizing  the  liands  have  been  proved  by  laboratorj 
testa  to  be  perfect  eaeh  and  everv  time,  and  so  wo  muat  content  ourselvea  '.vith 
Btich  metbods  as  givo  a  reasonably  high  efficiency  test  and  at  the  same  time  per- 
mit  of  frequent  application. 

The  prime  factor  in  the  preparation  of  hands  ia  the  prolonged  and  liberal  uae  of 
vrarm  walcr,  green  aoap  and  a  scrubbing  brush,  The  bruah  should  be  aterilized  and  the 
traler  running  fraui  the  api(i^>t,  whi(.'h  latter  ahould  be  controlled  b.v  pedala  bo  as  not  to 
pequlre  the  aurgeon  to  manipulate  the  faut-et  by  hand.  Thia  scrubbing  should  be 
conscientiooBly  done  for  t^n  minutea  and  cover  aH  parts  of  the  handa  and  foroarma  and 
[tarticularl;  the  naik,  The  writer  believes  that  the  complete  and  accorate  carrying 
0»it  of  thia  atep  accoTOpIiBhea  about  ali  one  can  hope  for  in  hand  cleansioR,  but  moat 
good  surgeona  are  not  content  to  rcat  there,  but  fiiiiah  their  hand  cleanaing  with  one 
of  the  nunierous  chemical  agenta  eKtensivelj  advocated.  The  aimpleat  and  probabIy 
the  best  ia  immeraion  of  the  haoda  in  aterile  aleohol  CTS  per  cent.)  for  from  5  to  10 
minutea. 

Bichiorid  of  mercurj  1 ;  1,000  ia  advoeated  hy  niany,  but  to  be  of  any  avail  re<iulre9 
from  15  to  20  minutea'  imrnersion,  and  the  irritation  and  chapping  of  the  akin  result- 
iD|;  from  ita  frequent  and  long-coiitiniieil  use  render  aubaequent  aterllization  more 
and  more  diffieult.    A  momentary  eviish  of  tbe  hands  in  a  bowl  of  bichiorid  is  a  farce. 

Soakinp  the  handa  in  a  atrong  aolution  of  permanganate  of  potaah.  fonowed  by 
immersion  in  a  warm  aaturated  aolution  of  oxalic  acid  to  decolorize  the  ataining  of 
the  iiermanganate,  is  hiBb]y  approved  of  hy  niany. 

Seruhbing  the  handa  with  a  paste  made  by  moiatcning  a  amall  lunip  ('/2  oz.)  of 
chlorid  of  lime  in  the  palm  and  rubbing  with  a  aiinilar  quantity  of  carbonate  of  soda 
is  n  prcvcese  of  great  effioacj  for  looaening  thickened  epithelium  and  is  a  good  disin- 
fectnnt.     (Thia  is  the  best  meana  of  hand  diainfeetion  known. — Editok.] 

A  great  maiiy  more  proceaaea  have  been  advocated;  thoae  mentioned  are  tbe  onea 
endorsed  by  nioat  aiirgeons.  'Wbiehever  niethoda  are  used,  the  handa  are  finally  rinaed 
off  in  Blf-rile  walpr  and  dried  with  a  aterile  towel ;  the  aurgeon,  however.  mu?t  deeide 
Mfhi-th«  he  will  drpeud  on  the  efficacy  of  his  hand  preparation  or  protect  hia  patient 
Biid  hinisolf  by  the  uae  of  glovea. 

Bubbei  Olov«,^ — Aboiit  fifteen  ycar3  ago  tbe  qiiestion  o£  the  use  of  aorae 
form  of  friove  to  be  emploved  in  operative  manipulations  vvaa  reviveci.  (1.  Col- 
lina.)  \Vhito  not  a  uew  proposition,  the  diaciissions  arotised  at  that  time  werB 
listened  to  with  miich  interesi  by  American  snrgeons,  and  particiilarlj  by  those 
in  New  Vork  ('ity.  Aa  is  alway8  the  ease  in  tho  problema  of  tbe  medical  pro- 
feasion,  Ibere  wero  nunierous  »rgumeuts  advanced  by  tbe  oppoainp  factions, 
altbon^h  tlie  (j^eut  ninjority  rccognhed  the  immenae  auperioritj  of  the  glove 
over  (he  nakcd  band  from  the  standpoint  of  asepsis.  Tliere  wa3,  thoiigh,  much 
division  of  opinion  as  to  the  kind  of  glove  to  be  worn,  the  mothod  of  uae,  and 
vhetbor  or  no  tho  8nrp:eon'8  škili  was  handicapped. 

Tt  woiild  not  be  of  value  to  review  these  argumenta  now,  but  it  is  of  interesL 
to  note  that  at  that  time  there  were  but  very  few  operatora  in  this  country  who 
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made  anj  attempt  whatever  to  wear  gloves  as  a  routine  during  operations.  At 
that  tirne  the  practical  use  of  gloves  was  limited  to  occasional  instances  as  a  self- 
protection  when  operating  on  highly  infectious  cases.  Now,  on  the  other  hand, 
the  majority  of  surgeons  look  upon  the  use  of  gloves  as  much  a  matter  of  eourse 
as  any  of  the  rest  of  our  aseptic  technics. 

The  consensus  of  opinion  is  in  favor  of  a  glove  made  of  pure,  impervious 
India  nibber,  and  a  gum  glove  is  the  kind  almost  universally  adopted. 

The  foremost  argument  in  favor  of  the  use  of  rubber  gloves  is  the  fact  that 
it  is  impossible  to  assume  beyond  ali  question  that  one  can  by  the  use  of  anti- 
septies  prepare  the  hands  of  aH  persons  employed  in  an  operation  so  as  to  be 
confident  that  each  and  every  hand  is  sterile  for  each  operation.  Of  eourse, 
many  times  some  of  the  hands  are  aseptic,  but  one  cannot  be  sure  that  ali  are 
invariably  so. 

Gloves  of  pure  rubber  can  be  unfailingly  rendered  aseptic  by  boiling  or 
steam.  Another  point  of  greatest  value  is  that  impervious  gloves  preclude  the 
possibility  of  exfoliations  and  detritus  from  the  hands  entering  the  surgical 
wound.  A  third  point  is  that  during  an  operation  a  smooth  surface  like  a  rub- 
ber glove  can  be  more  readily  freed  of  coagulated  blood  and  other  materials 
than  can  the  rough  skin  of  the  hand. 

The  actual  preparation  of  the  gloves  is  of  ten  very  careles8ly  done,  and  unless 
they  are  8imply  picked  from  the  boiler  with  a  sterile  instrument  and  hauded 
hot  and  wet  to  the  surgeon,  there  are  many  chances  for  error  in  their  prepara- 
tion by  thoughtless  and  imperfectly  instructed  persons. 

The  best  and  pleasantest  use  of  gloves  is  to  put  them  on  dry  with  sterile 
talcum  or  lycopodium  as  a  lubricant. 

Gloves  may  be  properly  prepared  by  either  steam  sterilization  or  boiling. 
The  first  method  is  as  follow8:  The  gloves  are  thoroughly  wa8hed  and  dried, 
the  cuff  of  the  glove  is  then  turned  back  about  two  inches  and  the  whole  inside 
of  the  glove  thoroughly  dusted  with  talcum  or  lycopodium  powder.  One  pair  is 
then  wrappe(l  in  a  small  towel  and  put  into  the  autoclave  for  sterilization  in  the 
same  manner  as  dressings,  etc.  Placed  in  the  towel  with  the  gloves  is  a  small 
envelope  of  gauze  about  2  inches  aquare  containing  a  dram  or  two  of  talcum 
powder.  The  gloves  come  out  of  the  sterilizer  perfectly  dry  and  are  kept  in 
the  original  package,  unopened,  of  eourse,  until  needed. 

A  more  troublesome  method  of  preparing  gloves,  whero  a  steam  sterilizer  is 
not  available,  is  by  boiling  and  then  ilrving  them.  The  procedure  is  as  follows: 
An  ordinary  box  of  talcum  powder  with  a  perforated  top,  several  towels,  and  the 
little  envelopes  of  gauze  filled  with  talcum  are  sterilized  in  an  ordinarv  kitehen 
oven  with  dry  heat.  (This  is  by  no  means  a  certain  method,  but  serves  fairly 
well  in  an  emergency.) 

The  gloves  are  then  turned  wrong  side  out,  placed  in  a  wire  cage,  and 
submerged  in  clean  water  in  the  ordinary  instrument  boiler.  Čare  should  be 
taken  that  ali  of  the  glove  is  filled  with  water  and  the  air  driven  out.  Two 
pairs  of  long  dressing  forceps  or  sponge-holders  should  be  put  into  the  boiler 
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witli  tLe  glovos,  The  gloves  are  aliowed  to  boil  for  from  five  to  ten  minutea. 
They  are  then  takou  from  the  cugc  aiid  alloweil  to  ilrain  iia^ti]y.  \Vitli  the 
Bterile  foreeps  the  gloves  are  placed  on  one  of  the  sterile  towel8  apread  out  flat 
»iid  aiiotlier  sterile  towel  laid  civer  them.  If  ali  the  frec  water  haa  beeii  allovved 
to  draiu  from  the  gloves,  a  little  stroking  aud  patting  of  the  iipper  towe!  will 
tboroiighlv  drv  the  oiiter  aurface  (reallv  the  iuside,  for  the  gloves  were  tumed 
wroiig  sidc  out)  in  a  few  minutea.  The  upper  towel  ia  then  tumed  back  and 
the  gioves,  both  back  and  palm,  thoroughly  duated  with  the  sterile  powder  from 
theboK. 

We  are  now  ready  to  tnrn  the  glovea  right  aide  out.  With  one  pair  of 
forceps  the  clge  of  tbo  wristband  is  lifted  and  the  otLer  pair  of  forceps  intro- 
diiced  into  fbe  glove  uutii  the  hladea  can  grasp  the  web  between  the  niiddle  and 
riiig  fingers;  hy  dravving  on  the  interior  pair  of  forceps  and  turning  the  cuff 
over  with  the  other  pair  it  takea  but  a  moment  to  completol^  rcverso  tLe  palm 
or  hand  portion  of  tlio  plove.  The  neateat  v/aj  to  peverae  the  fingere  ia  to  graap 
iwo  diamotricallv  opposed  points  of  the  edge  of  the  wriatbnnd  with  the  two  pair 
of  forcepa  and  then  twirl  the  glove  two  or  three  times  about  ita  transverse  axi8; 
in  so  drting  one  closea  the  oritice  of  the  glove  and  imprlsona  aonie  air  in  tbe  palm. 
l^v  the  glove  with  the  oritioe  atill  sealed  on  a  sterile  towel,  and,  preasing  on  the 
balloon  part  of  the  glove  with  another  sterile  towcl,  the  comprcased  air  cauaea 
tbe  fingors  to  be  e^erted  with  a  rusli.  The  glovea  are  neirt  dried  on  their  onter 
Burface  bv  again  stroking  and  patting  with  a  aterile  toweI  until  thev  are  per- 
fectlv  drv.  \Vith  the  forceps  the  cnffs  are  tumed  back,  the  glovea  together  wit!i 
thf  envelope  of  talcum  powder  put  in  a  sterile  towel,  folded  over,  and  pinned. 
By  tbis  mcthod  of  preparation  the  glovea  have  oniv  come  in  eontact  with  aterile 
towel8,  aterile  forceps,  and  sterile  powder.  Tho  inaide  ia  well  lubricated,  the 
Oiitaide  is  frec  from  powder,  and  the  gloves  aro  perfectl,v  drv. 

The  proi«!r  way  to  put  on  gloves  is  very  siniple;  it  ia  aa  followa:  Tho  hands 
ftre  thorniighlv  eleansed  bv  anv  mcthod  the  snrgeon  electa  antl  then  thoroughlv 
drie«!  on  a  sterile  towei.  The  package  of  gloves  is  oponcd  bv  on  attendant,  and 
the  aiirgooii  eiirefnllv  picka  np  the  gauze  envelope  of  powfler;  by  rolling  the 
giiiizo  b«tween  and  over  hia  hands  he  thoroughlv  dusta  hia  hands  aud  fingere 
witli  the  powder.  He  then  graaps  with  one  hand  one  glove  bv  tbe  tumed-baek 
cuff,  oniy  touching  the  i)iside  of  the  glove  (that  part  which  eventuallv  will  lie  in 
Cdntaet  with  his  skin),  and  ctrawa  the  glovo  onto  tho  other  hand.  Then  with  the 
glov«!  hnnd  ho  soizes  the  other  glove.  pnttbig  his  glovcd  fingers  into  the  rocess 
of  tbe  folded  enff,  thnu  onlv  touching  tlie  glove  on  ita  outaide,  aJid  draw8,  or, 
rather,  pimhea,  tbe  glove  on  the  second  hand.  Not  nntil  both  handa  aro  gloved 
BhouJd  the  fingere  be  stroked  into  plače  nor  tbe  ciiffa  atraightened  out.  In  thia 
tuanner  the  skin  of  tbe  hamJa  liua  at  no  timc  come  in  eontact  with  tbe  outside  of 
Ao  glove. 

It  8ee:n8  Jitting  in  thia  plače  to  point  out  some  groaa  erroTa  in  technio  in 
tho  H»e  uf  nibber  glovea,  becauae  it  ia  poaaible  to  witncss  many  aurgical  opera- 
tioae  where  several  poople  are  employed  and  see  groas  errora  of  tecbuie  in  the 
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manner  of  using  gloves ;  errors  not  so  much  of  carelessness,  but  of  lack  of  in- 
struction  and  thought  on  the  siibject.  This  applies  particularly  to  the  internes 
on  oiir  hospital  staifs  and  nurses.  We  assume  that  the  surgeons-in-chief  have 
studied  the  subjeet  and  errors  on  their  part  we  ascribe  to  carelessness,  but  the 
juniors  are  receiving  their  training,  and  the  details  of  instruction  should  not  be 
neglected.  Their  thought  and  power  of  logic  should  be  awakened  so  that  a 
correct  routine  becomes  a  matter  of  subconscious  habit. 

The  first  argument  in  f avor  of  the  use  of  gloves  is  the  one  which  the  writer 
believes  is  most  frequently  set  at  naught  by  the  eareless  manner  in  which  the 
gloves  are  drawn  on  the  hand.  For  example,  the  surgeon  washes  his  hands  in 
the  most  thorough  manner,  rinses  them  in  various  powerful  antiseptics,  accord- 
ing  to  his  fancy,  dries  his  hands  on  a  sterile  towel,  and  is  now  ready  for  his 
gloves.  Are  his  hands  sterile  ?  Does  he  know  it  for  a  fact  ?  If  so,  he  is  foolish 
to  go  to  the  trouble  of  wearing  gloves.  On  the  other  hand,  does  he  doubt  the 
asepsis  of  his  hands?  Is  he  credulous?  If  so,  note  how  he  vitiates  his  technic 
by  his  manner  of  putting  on  the  gloves.  Over  and  over  again,  by  those  who 
should  know  better,  one  may  see  it  done  as  f ollows :  The  gauntlet  or  wri8tband 
of  the  left  glove  is  seized  in  a  generous  grasp  by  the  right  hand,  and  the  left 
hand  pushed  into  the  glove  as  far  as  possible ;  then  with  the  naked  right  hand 
the  finger-tips  of  the  left  glove  are  stroked  into  plače  and  the  glove  nicely  ad- 
justed.  The  right  glove  is  now  grasped  by  the  left  hand,  already  clothed,  and 
the  naked  right  hand  introduced  and  the  glove  drawn  into  plače,  usually  at  the 
expense  of  dragging  the  left  gloved  thumb  over  the  naked  right  hand  and  wri8t. 
The  surgeon  now  feels  ready  to  begin  his  work,  or  possibly  deems  it  wise  to 
rinse  oif  his  gloved  hands  in  some  sterile  solution. 

Another  favorite  method  of  putting  on  gloves  is  to  throw  several  pairs  of 
freshly  boiled  gloves  into  a  bowl  of  bichlorid  of  mercury  solution  or  some  simi- 
lar  antiseptic  liquid.  The  surgeon,  after  thoroughly  washing  his  hands  as 
before,  proceeds  to  draw,  or,  rather,  to  float,  onto  his  hands  the  gloves  lying  in 
the  bowl.  During  these  manipulations  he  splashes  the  solution  over  the  naked 
forearms  and  hands,  the  solution  in  tum  bathes  the  gloves,  and  smears  over 
their  outer  surface  epithelium,  etc,  wa8hed  from  the  skin.  The  foregoing 
errors  in  technic  are  perfectly  apparent  when  they  are  brought  to  our  notice, 
and  that  thev  are  errors  in  fact  and  not  hair  splittings  must  be  conceded  by  ali 
who  admit  the  truth  of  the  first  and  most  important  reason  for  wearing  gloves, 
namely,  the  uncertainty  of  being  able  to  sterilize  ali  hands  every  time  for  ali 
operations. 

If  one  accepts  the  above  as  a  fact,  and  nearly  ali  up-to-date  surgeons  do, 
what  possible  excuse  can  there  be  for  allowing  the  discredited  and  suspected 
hand  to  toiich  and  rub  up  against  the  outside  of  the  gloves  so  carefully  pre- 
pared  ?  If  the  surgeon  adopts  gloves,  hc  places  himself  in  the  ranks  of  those  who 
believe  that  the  hand  cannot  infalliblv  be  sterilized.  If  he  then  puts  on  his 
gloves  as  lias  been  described,  he  must  be  a  traitor  to  his  beliefs.  Successful 
opcrative  rcsults  in  spite  of  these  errors  do  not  nullify  the  argument.    We  see 
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maiiv  perfect  liealiiigs  after  operations  where  gloves  vere  not  worn,  biit  tbe 
element  of  p089ibility  of  wound  infection  in  tbe  eaae  of  tlie  naked  hanil  La^ 
beeii  proved  by  laboratorj'  testa  to  be  bigh,  and  practiealij'  iiil  with  the  sterile 
glove.  ^Ti.v.  then,  plače  on  the  face  of  ihe  glove  the  very  material  wo  so  eagei"ly 
strive  to  imprison  within  the  glove  ? 

Anotber  objection  to  pntting  on  gloves  tbat  are  immersed  in  some  liquid  is 
the  constant  dripping  froni  the  wri8t  of  the  water  imperfectlv  eonfiued  bv  the 
fiiigera  iii  tbe  interior  of  the  plove.  This  water  may  have  been  lodged  at  tbe 
fiiiger-tips  for  some  ttme,  and  aftcr  having  inacerated  and  bathed  the  skin  a 
thonghtlvas  change  of  level  of  the  band  aliowa  tbia  iiiipiire  litjiiid  to  escape  at  the 
wrist  aud  in  ali  probabilitj  to  fall  into  the  woiiiid  or  in  its  immediate  vicinity. 
Tbe  same  is  trne  where  a  tom  finger-tip  is  used.  The  whole  glove  acts  as  a 
funnel,  the  toni  or  tipleas  finger  serving  as  the  amall  end  to  lead  with  iiiierriug 
aim  the  sweat,  detritus,  etc.,  of  the  whole  hand  into  the  wonnd. 

Let  ua  then  properly  prepare  our  gloves,  properIy  put  them  on  and  uso  nnly  euoh 
as  are  perfeetlj  water-LiKlit-  The  gloves  are  sterile  oiily  so  long  as  we  keep  them  so; 
they  have  no  inhereiit  virtiie,  no  antiseptie  power.  One  would  think  on  seeing  the 
careleflsnees  wilh  whieh  glovea  are  haiidleil  that  they  had  propertiea  slrailur  to  radium, 
eiiiitthig  powerful  baetericidal  rays,  and  woro  eapable  of  neutralizing  the  groasest 
negligence  on  the  part  of  thoae  who  abuse  them. 


SKIN  OF  PATIENT 

The  remarka  on  the  difRciilty  of  sterilization  of  the  skin  of  the  8iirgeon's 
hands  apply  ctjnallv  well,  thongb  to  a  lesser  degree,  to  tbe  skin  of  tbe  patient. 
It  htiB  alroady  bcen  poJnted  out  tbat  tbe  more  iianal  sitea  of  ojjeration  on  the 
pHtient  are  wlipre  the  skin  is  leas  expiiaed  to  contamination  and  rongbening, 
and  fiirtbemiore  we  have  aa  a  rule  more  time  at  our  diaposal. 

A  well-e8tablisbed  rnle  for  skin  preparation  is  aa  follovvs:  Aboiit  twelve 
hours  before  opcration  a  generous  area  about  tbe  operative  site  ia  tboroughiv 
sbaved  and  then  freelv  lathered  with  soap  suds  and  wcll  scnibbed  witb  a  piece  of 
gauze;  a  scmbbing  bnish  ia  too  barah  and  is  liable  to  aet  up  a  dermatitia.  Tbe 
siida  are  then  rinaed  ofF  and  tlie  parts  again  nibbeil  witb  gaiize  and  etber,  to  be 
followed  bv  a  tbird  rubbing  with  alcohol,  Aftcr  tbe  aleobol  bas  evaporated  a 
Boft  soap  poultice  ia  applied,  the  whole  covercd  with  sterile  gnnze  and  g  ban- 
dage,  whiob  is  left  on  until  the  patient  ia  nn  the  operating  table.  On  tbe 
o[»er8ting  table  the  soap  ponltice  ia  removed,  the  parta  are  again  waHhed  in  aoap 
»iid  w(iter,  to  \)e  followed  by  etber  and  aleobol  rnbbinga  as  already  described. 
Skia  so  prcpared  is  very  nearly  a]waya  aterlle  from  a  siirgical  point  of  view. 

Anotber  eqna!ly  efficaeious  way  ia  to  carry  out  the  procedure  already  givei 
up  to  tbe  point  of  applving  the  soap  poultice;  this  latter  ia  omitted  and  plain 
dry  Bterile  gauze  applied  inatead.  On  the  table  the  sterile  dry  dreasing  ia 
remove<l  and  tho  operative  field  pninted  with  a  single  coat  of  tincture  of  iodiu 
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Afficinal  strength)  applied  with  a  sterile  bnish  (soft)  or  pledget  of  cotton.    If 

tki«  method  be  followed  it  is  highly  importaiit  to  see  to  it  that  no  water  has  been 

1-   J  ^  iiie  gkiii  for  several  hours  (the  writer  has  put  in  his  practice  a  mini- 

m  of  eitfht  hours)  before  the  io<lin  is  applied.    The  reason  for  this  is  that  the 

Ik  of  the  skin  absorb  the  water  and  swell  np,  thus  preventing  the  penetration 

oi  the  u>din. 

Stilne  surceons  appl,y  two  eoats  of  iodin  at  intervals  of  several  lioiirs.  This 
'  hinilv  n<'eessary,  for  if  the  first  coat  clostjlv  follows  the  8oap-and-water  scriib- 
W  it  is  of  no  avail,  and  if  the  eoats  be  put  on  at  proper  intervals  the  whole 
lime  of  skin  prcparation  is  unduly  prolonged. 

In  eniercency  work  whero  no  proper  tinie  for  skin  preparation  is  permitted 
y  |jgyo  reasonable  confidenee  in  a  good  heavv  coat  of  iodin  applied  at  the 
1  ^  moment  provided  the  abstinence  of  water  to  the  skin  has  l)een  observed. 
The  use  of  iodin  has  in  some  cases  resulted  in  a  (lennatitis  of  more  or  lesa 

'^y lYfQ  fatal  cases  have  come  to  my  knowledge.     Kemoval  of  the  iodin 

'th  ahtJiol  at  the  close  of  the  operatitm  largely  diminishes  the  risk  of  subse- 

nt  skin  irritation.     [A  liberal  coat  of  iodin  applied  on  the  table  and  alIowed 

irv  tlicn  wil>ed  oflF  with  aleohol,  is  efficacious. —  Editojc.] 

Totlin  applie<l  to  verv  sensitive  skin  areas,  as  the  sctrotum,  etc.,  increaaes  the 

.1   ^,f  dennatitis,  and  these  parts  sliould  invarial)ly  l)e  washed  \vith  aleohol 

^ti*r  om^ration  and  lightlv  smeared  over  with  sterile  oil  or  vaselin. 

If  the  surgieal  Held  he  the  hand  or  f<K)t,  where  the  skin  is  more  or  less 

•       y    i\iQ  preparation  shoiihl  be  started  two  or  three  davs  bc^fore  operation. 

yi  /pi-eparation  should   eonsist  of  several  scrubbings  vvith  soap,  ether,  and 

l<H)hoI   and  applications  of  soap  ponltices  at  12-hour  intervals  with  the  final 

prt»l>«ration  as  already  described. 


AUTOCLAVE  OB  STEAH  STEBIUZEB 

Mention  has  been  made  so  frequently  in  the  foregoing  pages  of  sterilizing 
di^ssings  and  surgical  materials  by  steam  nnder  pressure  that  it  may  not  be 
inappropriato  to  describe  brieflv  the  apparatus  for  producing  this  result,  al- 
though  so  faniiliar  an  objcct  as  the  steam  sterilizer  mnst  be  well  known  to  ali. 

Different  manufacturers  have  devised  various  stvles  of  autoclave,  but  the 
main  principles  are  the  same.  The  following  description  and  illustration  are 
ouoted  f rom  the  catalogue  of  the  Kny-Scheerer  Company : 

1.  Fill  the  steam  jncket  with  cloar  water  by  openinjif  valve  on  metal  funnel  C, 
tuminf?  lovor  No.  1  to  the  ripht.  The  quantity  of  watcr  n^iuin^l  for  sterilization 
(Kepends  on  the  lenjrth  of  tinic  for  whioh  the  apparatus  shall  bo  operatod.  It  is  not 
desirable  to  have  the  jacket  fillod  more  than  half  full  of  wator.  (Soe  sootional  view, 
Fig.  4.)    The  glass  water  gaugc  on  side  indicatos  exaotl,v  the  height  of  wator  in  jacket. 

2.  A  permancnt  conneotion  with  the  hydrant  water  8upply  can  be  made  through 
the  valve  O  (the  clean-out  valve)  by  coniiecting  a  Tee  back  of  valvo  G  and  using  a 
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gate  Talve  on  the  Tee,  to  which  yoii  connect  your  hydrajit  water.  This  luethod  of 
filling  thc  water  into  the  jackcts  works  rapid]y,  and  in  addttiou  offers  the  udvautage  to 
be  able  to  inject  water  at  any  tirne  even  though  the  apparatuB  niay  be  under  pressure 
and  in  operation.     The  pressure  of  the  WBter  supply  at  point  of  entrance  at  valve  Q 


Graduidly  na  tho  Ipnippratiirr  ot  thr  ntBlcr  in  . 
rarvIifMi  and  findn  an  PBCdp«  throush  rup  viJ\ 
>rM  BbMIo  o!  the  proncns.  mtvc«  l.)l<^  purpone  iif  a  hot  : 
letting  preHBure  stoun  into  thr  phiiml>cr. 


Hir  in  thc  Bteriliipr  <^ 
ip  stcriliipr  chambir  thprrtoro,  in 
eriulunl]y  wurniiiig  llie  dreaHings  | 


mUBt,  of  eourec,  eKi^ed  thut  uf  llie  steain  preHHUri?  in  tlie  jai-ket;  the  lattcr  l)einK  15 
punnda  to  the  Bquarc  inch,  it  followB  thut  the  water  presaure  ehoiitd  ut  leaat  be  25 
pounds  or  more. 

3.  Tlie  steam  jaeket  having  been  fitled  with  a  Buffioieut  quaiitity  of  water,  tfarow 
lerer  handle  No.  1  bsck  to  the  left  und  light  the  burner  (gas,  petroleum  or  aleohol) 
Icnring  valvc  on  funncl  C  open  iiiitil  steuui  iasuee,  then  close  it  tightly.  Thc  combina- 
tion  steain  pressure  and  vacnum  gauges  £  will  register  the  conditions  prerailing  in 
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the  jacket  and  the  steam  pressure  8afety  yalye  D  will  blow  off  steam  as  soon  as  tlie 
latter  excee<i8  the  normal  pressure  of  16  pounds  (=1  atmosphere). 

Whenever  live  steam,  exceeding  36  pounds  per  square  inch  derived  from  a  boiler 
plant,  installed  in  the  building,  is  available,  we  strongly  recommend  the  use  of  the 
latter  as  hcating  medium.  For  this  purpose  we  plače  in  ali  of  our  sterilizers  (with 
the  exception8  of  No.  O  and  No.  1)  a  set  of  steam-heating  coils  between  the  two  cop- 
per  cylinders  forming  the  jacket,  consisting  of  heavy  wall  copper  pipe,  which  is 
connected  to  uipples  A  A,  one  of  these  serving  as  steam  inlet,  the  other  as  steam 
outlet. 

Through  these  heating  coils  the  high  pressure  steam  circulates,  and  its  tempera- 
ture, in  proportion  to  the  respective  amount  of  pressure,  rapidly  raises  the  tempera- 
ture of  the  water  in  jacket  to  boiling-point  and  over,  until  it  reaches  the  temi)erature 
of  250°  F.  (121°  C),  which  is  the  cquivalent  degree  of  steam  or  of  water  boiling  under 
a  pressure  of  15  xK>unds  to  the  8quare  inch.  The  safety  val  ve  D  keeps  pressure  in 
jacket  under  perfect  control  at  15  pounds. 

4.  The  dressing  material  should  be  placed  in  the  sterilizer  chamber  before  tfie 
heaters  are  lit,  or  as  in  the  čase  of  steam-heated  jackets,  before  the  boiler  steami  is 
tumed  into  the  heating  coils.  Door  of  sterilizer  is  locked  securelj  and  air-filtering 
cup  valve  F,  which  is  filled  with  a  wad  of  absorbent  cotton,  is  left  open,  handle  being 
in  vertical  position  as  shown  in  drawing  Fl. 

Gradually  as  the  temperature  of  the  water  increases  the  air  in  the  sterilizer 
chamber  becomes  rarefied  and  finds  an  escapo  through  cup  valve  F.  The  sterilizer 
chamber  therefore  in  the  first  stage  of  the  process  serves  the  purpose  of  a  hot  air  oven, 
gradually  warming  the  dressings  preparatory  to  letting  pressure  steam  into  the  cham- 
ber. 

5.  As  soon  as  the  steam  pressure  gauge  indicates  a  pressure  of  15  pounds,  the 
safety  valve  will  begin  to  operate  by  blowing  off  steam  in  excess  of  the  required  pres- 
sure, then  close  the  air  filtering  cup  valve  F  by  thrusting  handle  into  a  horizontal 
position. 

The  moment  has  now  arrived  for  exhausting  the  already  rarefied  air  in  the  ster- 
ilizer chamber  by  creating  a  partial  vacuum.  This  is  done  by  throwing  lever  No.  1  to 
vacuum.  The  combination  gauge  E  will  soon  register  a  vacuum  in  the  chamber,  five 
inches  being  sufficient  to  insure  absolute  result. 

When  this  degree  of  vacuum  has  been  reached,  move  lever  1  to  chamber  whereui)on 
the  pressure  steam  will  rush  into  the  chamber.  The  dressing  material  contained  in 
the  latter,  having  thus  been  carefully  prepared  by  the  air  exhaust  process  for  an  eager 
absorption  of  live  steam,  will  in8tantaneously  and  thoroughly  be  penetrated  by  the 
same.  Furthermore  since  the  inrushing  steam  which  is  of  a  temperature  of  250°  F. 
(121°  C.)  will  raeet  with  material  which  has  for  some  time  been  subjected  to  dry,  hot 
air  of  nearly  the  same  degree  of  temperature  as  that  of  the  pressure  steam,  the  latter 
will  not  condense  and  therefore  not  wet  the  dressings.  The  process  of  steam  steriliza- 
tion  shall  last  for  from  20  to  30  minutes. 

6.  The  dressing  material  can  now  be  considered  absolutely  sterile  and  may  be 
taken  out  at  once,  if  desired.  It  is  advisable,  however,  to  let  it  remain  in  the  sterilizer 
chamber  for  from  10  to  20  minutes  longer  in  order  to  remove  every  trace  of  dampness. 
For  this  purpose  move  lever  No.  1  to  vacuum  and  again  start  the  exhausting  process 
described  under  No.  5,  for  the  time  above  specified.  After  this,  extingui8h  flame  or 
shut  off  steam  8upply  and  throw  lever  No.  1  to  the  left. 

7.  To  remove  sterilized  dressings  from  the  chambers  it  is  necessary  to  de8troy 
the  vacuum  from  the  latter  in  order  to  be  able  to  open  the  door.  This  is  done  by 
letting  air  enter  the  chamber  through  the  air-filtering  cup  valve  F,  which  is  filled 
with  absorbent  cotton. 
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Dressinpg  thus  prepared  ntn  be  abBolutely  dependeJ  «pon  as  to  their  sterilitj. 
They  inay  be  Icft  in  the  apparatus  for  an  indefinite  tirne  before  being  used  without 
becoming  infected. 

Watfr. — The  siirgeon  Las  uo  ueed  for  cbemicallj  pure  water,  bnt  (jerni-free 
■water  16  cfonstant]y  ucedeil  fnr  ali  siirj^cal  work.  Plain  water  boiled  fnr  a  short 
time  is  pcrfectly  relialile  for  ali  soliitirms,  etc,     The  objection  to  boiling  water 


I  nn  ordinarj  veasel  is  tliat  it  miiat  be  used  at  once  and  not  left  expo9ed  to  the 
■air.  For  GXteiiBivc  hospitnl  work  watcr  is  boiled  iiiidcr  jtresanrp  in  tanka  espe- 
Keiallv  designcd,  in  wbicli  the  water  may  be  stored  witboiit  fear  of  air  con- 
I  tam  i  na  t  i  on. 

Tho  illnstratioD  8hows  a  Kny-Scheerer  double  tank  water  sterilizcr.  The 
t:vater  from  the  city  loain  flow9  tbrough  the  filter  fbetween  the  tanka)  and  enters 
Tl>oth  chnmbcra.  When  tauks  arn  nearly  full  the  water  is  shiit  off  and  the  bum- 
I  era  liphted,  A  pressnrc  gauge  is  at  the  top  of  eaeb  tank  and  aet  at  15  pounda. 
I  The  water  is  beatcd  iintil  the  presfcurc  overcomes  the  gauge,  which  is  equiva]ent 
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to  121°  C.  This  is  oontinued  for  twenty  minutes.  The  water  is  now  thor- 
oughly  sterilized  and  may  be  drawn  from  the  faucets  at  the  bottom.  One  tank 
(marked  "Cold'' )  has  coiled  within  it  a  number  of  feet  of  copper  pipe,  through 
which  cold  hvdrant  water  may  be  allowed  to  circulate,  thus  cooling  the  sterile 
water  in  that  tank  (not  by  mixing,  bnt  by  contact  through  the  wall  of  the  copper 
pipe).  In  this  manncr  we  have  a  liberal  supply  of  hot  and  cold  sterile  water  at 
hand. 
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CHAPTER   II 

GENERAL   OPERATIVE   TECHNIO 
HoWARD   D.    COLLINS 

The  practitioner  of  surgery  should  constantlj  use  the  details  of  his  art  so 
that  the  various  steps  of  his  technic  may  become  a  second  nature  to  him, 
enabling  him  to  perforra  these  acts  without  thought  on  his  part,  leaving  his 
mind  clear  for  the  higher  faciilties  of  judgment.  In  order  to  facilitate  this 
training  it  is  wise  to  limit  our  technic  as  nuich  as  possible  to  the  essentials, 
eliminating  ali  needless  embellishrnents.  In  our  discussion  on  antiseptics  an 
effort  has  been  made  to  8how  how  small  a  part  thev  should  play  in  true  aseptic 
surgerv.  In  a  properlj  conducted  surgical  operation  it  is  assumed  that  ali  the 
niaterials  furnished  are  in  a  sterile  condition,  and  the  surgeon  should  see  to  it 
that  they  are  kept  so,  and  not  permit  breaks  in  his  technic,  calling  for  the 
doubtful  eflFects  of  antiseptics  to  set  ali  straight  again. 

An  endless  list  of  solutions,  an  inimense  array  of  instniments,  and  countless 
other  paraphemalia  ali  tend  to  confuse  and  upset  our  aseptic  plans.  A  skilled 
workman  does  his  work  best  when  provided  \vith  the  proper  tools^  without  being 
hampered  by  too  great  a  variety  of  appliances. 

The  element  of  time  is  one  that  has  advocates  on  both  sides  of  the  question, 
and,  as  in  most  other  subjects,  a  happy  medium  is  the  wise  course  to  pursue. 
An  operator  who  is  constantly  trying  to  lower  by  a  minute  or  two  his  operative 
record  is  verv  apt  to  be  led  away  f rora  the  real  purpose  of  the  operation,  namely, 
complete  and  speedy  recovery  of  the  patient.  Ile  will  slur  over  little  details — 
not  essentials,  it  is  true,  but  of  great  importance  to  the  postoperative  comfort 
of  his  patient — because  he  has  one  eye  on  the  clock.  On  the  other  hand, 
dilatory  action  is  not  to  be  recommended.  The  longer  an  operation,  by  so  much 
longer  is  a  patient  under  an  anesthetic,  the  more  opportunity  is  given  to  handle 
the  parts,  and  the  longer  is  the  pressure  of  retraction  kept  up.  AH  of  these 
factors  are  exhau8tiiig  and  tend  to  diminish  the  chances  of  smooth  recovery. 

One  of  the  greatest  masters  of  tho  art  of  opera  ti  ng,  Charles  McBurney,  ga  ve 
the  impression  of  being  a  slow  operator  because  ali  of  his  moveraents  were  com- 
paratively  deliberate;  but  when  put  to  the  test  of  the  clock  he  wa8  found  to 
equal,  and  in  most  instances  to  exceed,  the  speed  of  well-recognized  rapid 
operators.     The  secret  of  this  lay  in  the  fact  that  ali  of  McBumey'8  operative 
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surroundings  were  of  the  simplest,  and  in  doiiig  the  work  itself  he  never  had 
to  take  a  backward  step  or  go  over  the  field  a  second  tirne.  One  should  cultivate 
the  habit  of  passing  throngh  the  steps  of  an  operation  in  a  logieal  manner,  tak- 
ing  up  each  feature  in  tum  and  conipleting  it  as  far  as  mav  be  possible  before 
passing  on  to  the  next.  Clean-cut  incisions,  complete  hemostasis,  and  the 
aecurate  replacing  of  the  parts,  together  with  as  little  trauma  as  possible,  are 
the  fundamental  underljing  principles  Icading  to  the  best  results. 


INCISIONS 

The  incisions  varv,  of  coiirse,  for  different  operations,  and  the  special  fonns 
of  incisions  will  be  dealt  with  in  disciisaing  special  operations.  Where  a  choice 
is  left  to  the  operator  he  should  choose  as  far  as  possible  to  make  his  skin  in- 
cision  correspond  to  the  natnral  folds  or  creases  of  the  skin ;  this  is  evidentlv 
of  more  importance  where  a  cosnietic  resnlt  is  dcsired,  biit  even  where  a  well- 
concealed  scar  is  not  songht  for  it  is  \vise  if  possible  to  choose  the  "run  of  the 
grain,"  for  if  this  be  followed  subsecjiient  suture  of  the  skin  is  more  aecurate. 
and  more  prompt  healing  results.  A  long  skin  cut,  if  subseguentij  closed,  will 
heal  as  promptlv  as  a  sliort  cut ;  hence  it  is  good  surgery  to  make  our  skin  in- 
cision  as  long  as  necessarv  to  give  a  satisfactorjr  view  of  the  deeper  parts, 
except,  of  course,  where  cosmetic  eflFect  plays  a  i)rominont  part  Jfo  instrument 
is  so  good  for  making  the  skin  incision  as  a  scalpel.  Some  operators  pinch  up* 
fold  of  skin  and  cut  through  with  a  pair  of  scissors;  this  is  rapid  but  attte 
expense  of  bruising  the  tissucs.  The  scalpel  should  be  "full-bellied,"  that  is,  the 
cutting  edge  should  have  a  generous  convex  curve  and  the  middle  or  most  promi- 
nent  part  of  the  bladc  should  be  eniploved  for  the  cutting.  Do  not  scratdi 
through  the  skin  with  the  point  of  the  knife.  The  handle  of  the  scalpel  shoull 
be  large  enough  to  give  a  firm  hold,  and  should  be  grasped  by  the  whole  hand- 
and  not  by  the  fingers  alone.  The  skin  cut  is  best  if  made  with  one  stroke  of  the 
knife,  and  should,  of  course,  be  at  right  angl(»s  to  the  surface.  Both  ends  of  th» 
incision  should  be  plumb  and  not  gutter-shaped. 

Wherever  practical,  the  underlving  tissues  should  be  dividod  in  the  lineof 
their  cleavage.  For  verv  large  wounds  this  is  of  course  impracticable,  but  it  i* 
surprising  how  satisfactorv  an  exposition  of  the  deepest  parts  is  permitted  by 
following  the  natural  lines  of  separation.  Following  this  method,  even  at  the 
expense  of  a  little  more  tirne  and  some  liniiting  of  the  field  of  exposure,  oneis 
well  repaid  by  the  diminution  of  trauma  and  the  prompter  and  firmer  hcalin? 
of  muscle  tissue. 

HEMOSTASIS 

Too  great  stress  cannot  be  laid  on  the  value  of  stopping  ali  bleeding  before 
wound  closure,  save  in  those  operations  whero  a  blood  clot  ia  purposelj  Irf^ 
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with  the  hope  of  its  becoming  organized.  The  more  fully  the  point  of  a  bleeding 
vessel  can  be  isolated  f rom  the  surrounding  tissue,  then  grasped  with  a  hemostat, 
and  tied  with  as  fine  a  ligature  as  the  diameter  and  ela8ticity  of  the  vessel  will 
warrant,  the  nearer  we  approach  the  ideal.  It  would  be  folly  to  wa8te  tirne  in 
freeing  the  end  of  a  small  bleeding  artery  from  its  surrounding  fat  or  muscle 
by  a  process  of  dissection  before  we  attempt  to  clamp  the  vessel,  but  it  is  good 
practice  to  train  ourselves  to  cateh  the  bleeding  point  with  as  little  other  tissue 
as  possible.  A  8omewhat  blunt-pointed  hemostat,  sueh  as  is  shown  in  the  ac- 
companying  illustration  (Fig.  2),  is  the  best  for  aH  around  purposes.  The 
eomparatively  big,  blunt  point  prevents  the  instrument  from  puneturing  into 
the  tissues  and  seizing  too  large  a  grasp.  The  large  blades,  with  their  curved 
surfaces,  aid  the  ligature  while  being  tied  to  slip  down  and  off  the  instrument 
at  its  very  tip,  and  not  pass  on  to  the  tissues  for  a  greater  distance  than  neces- 
8ary.  With  a  capable  assistant,  who  understands  the  art  of  sponging,  it  is 
nearly  always  possible  to  see  the  bleeding  point,  when  it  may  be  caught  as 
nearly  isolated  as  possible  by  the  hemostat  without  having  to  resort  to  the  repre- 
hensible  practice  of  making  a  bold  grasp  in  the  direction  of  the  bleeding,  and 
by  catching  as  much  tissue  as  the  f orceps  will  hold,  trust  to  having  clamped  the 
vessel.  Finer  pointed  hemostats  have  their  plače  and  are  very  valuable  for 
more  delicate  work,  but  should  be  used  with  increased  čare  and  circumspection. 
Where  a  vessel  has  retracted  into  the  tissues  and  cannot  be  clamped,  it  is  good 
practice  to  surroimd  the  vessel  with  a  fine  suture  and  then  tie. 

Bone  bleeding  can  usually  be  stopped  by  very  hot,  wet  compresses  and 
pressure,  or  by  breaking  down  the  bony  wall  of  the  channel  in  which  the  vessel 
courses,  or  plugging  the  canal  with  a  strand  of  catgut. 

Fedides. — Large  pedicles,  containing  a  number  of  vessels,  should  never  be 
tied  en  masse,  but  should  be  separated  into  as  many  divisions  as  can  be  done 
conveniently  and  each  part  tied  oif  individually. 

For  the  nicest  results  in  extensive  dissections,  say  of  the  axilla,  for  carcino- 
matous  Ivmph-nodes,  it  is  far  better  practice  to  tie  off  each  small  vein  as  soon 
as  exposed,  by  means  of  an  aneurysm  needle  and  double  ligatures,  rather  than 
depend  on  clamping  and  subsequent  ligation,  thus  avoiding  the  drag  of  many 
clamps. 

Many  surgeons  after  clamping  bleeding  points  twist  them  instead  of  tying 
oflF.  For  small  vessels  this  is  a  matter  of  choice,  but  it  should  never  be  done  on 
large  vessels. 

One  should  never  depend  on  chemicals  to  check  bleeding  other  than  surface 
hemorrhage.  It  is  proper  enough  to  apply  adrenalin  or  similar  substances  to 
bleeding  skin  or  mucous  membrane,  but  not  to  the  deep  parts  of  a  wound  which 
is  to  be  closed,  for  the  action  of  the  hemostatic  cannot  be  depended  upon  to  last 
long  enough  to  permit  firm  clotting  in  the  divided  vessels,  and  so  hidden  hemor- 
rhage may  occur  after  the  wound  is  closed. 

There  is  no  step  in  operative  technic  that  pays  a  higher  reward  than  is 
received  from  a  complete  stoppage  of  ali  b^mprrhafe,    .With  a  dry  wound,  with 
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vessels  carefiilly  tied  so  that  large  masses  of  strangiilatcd  tissue  are  avoided, 
the  healing  should  be  prompt  and  satisfactory.  Where  subsequeiit  bleeding 
occurs  the  tissues  are  forced  apart  and  a  most  suitable  nidus  is  fonned  for  the 
development  of  pathogenic  bacteria. 

Excessive  loss  of  blood  is  a  most  serious  factor  in  producing  shock  and  post- 
operative  fatalities.  The  surgeon  has  alrcadv  been  cautioned  to  carefully  damp 
and  tie  the  bleeding  vessels  as  soon  as  possible,  and  thns  avoid  hemorrhage  of 
magnitude.  If  hemorrhage  of  serious  degree  has  already  occurred  the  losa  of 
blood  may  be  compcnsated  for  to  a  fairly  siiccessful  extent  by  the  exhibition 
of  normal  salt  solution.  This  may  be  administered  in  one  of  three  ways:  (1) 
the  saline,  at  a  temperature  slightly  higher  than  body  heat,  say  40°  to  42°  C, 
may  be  injected  directly  into  a  siiperficial  vein ;  or,  (2)  introduced  into  the  sub- 
cutaneons  tissiics;  or,  (3)  injected  into  the  rectiim.  Saline  so  administered  is 
rapidly  picked  up  by  the  blood,  and  l)eing  of  the  same  density  as  blood  serum, 
is  perfectly  incori)orated  into  the  blood  current.  The  added  watery  bulk  gives 
the  hcart  something  to  work  on,  and  also  furnishes  a  vehicle  for  the  rapidly 
forming  red  cells  thrown  out  by  bono  inarrow.  A  direct  blood  transfusion  is  a 
more  ideal  proceduro,  but  does  not  permit  of  cmergency  application. 

Seguestration  Anesthesia  (Dawbam). — Better  than  repairing  the  damage 
done  by  hemorrhage  is  to  conserve  the  blood  beforehand.  In  cases  where 
hemorrhage  is  anticipatcd,  or  the  patient  is  much  enfeebled,  the  principle  of 
seqnestration  aneniia,  as  advocated  by  Dawbarn,  is  to  be  recommended.  Its 
application  is  as  folIows:  At  the  tirne  of,  or  just  prior  to,  operation  one  or 
more  of  the  limbs  are  surrounded  by  a  constrictor.  For  this  purpose,  an  elastic 
bandage,  preferablv  a  pure  gum  bandage  of  Esmarch,  is  wound  tightly  and 
quick]y  about  the  limb,  at  or  near  its  jimction  with  the  trunk,  shutting  ofF 
the  circnlation,  8nddenly  and  completely.  One  or  t\vo,  or  ali  four  extromities 
may  thus  be  treatcd.  In  this  way  a  large  amount  of  blood  is  sequestrated.  An 
operation  upon  the  head,  neck,  tliorax,  or  al)domen  mav  then  be  performed. 
Ali  bleeding  ix)ints,  however  small,  having  been  caught  and  tied,  the  bandages 
mav  then  lx;  snccessivelv  rcmoved,  tlierebv  turning  back  into  the  general  cir- 
cnlation a  qnantity  of  blood.  Removal  of  the  bandages  may  be  delayed  until 
the  patient  is  in  bed.  It  is  better  not  to  rcniove  thcm  aH  at  once.  Čare  should 
be  used  not  to  leave  them  on  too  long,  lest  palsies  or  disturbance  of  the  circu- 
lation  and  nntrition  of  the  limbs  ensue. 

In  am])utations  or  otlier  opcrations  on  the  extremities,  where  a  bloodlesA 
field  is  desired,  the  limb  to  be  operated  npon  mav  be  rendered  bloodless  by  the 
nsc  of  tho  Esmarch  bandage,  but  tlio  operator  should  invarinblv  remove  the 
bandage  bofore  closing  the  woiind  and  be  snro  to  clamp  and  tie  aH  bleeding 
vessels.  To  make  proper  application  of  this  metliod  I  prcfer  t\vo  Esmarch  band- 
ages. The  limb  is  raised  and  stroked  toward  the  tnmk.  The  bandage  is  wound 
on  spirally,qnite  tightly,l>eginning  at  the  extremitv  and  extending  up  to  Scarpa's 
triangle,  or  the  insertion  of  tlie  deltoid.  as  the  cnse  mav  be.  A  pad  of  gauze, 
or  simple  roll  of  gauze  bandage,  is  placed  ovcr  the  femoral  or  brachial  artery. 
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This  roll  of  bandage  should  have  its  long  axis  form  an  acute  angle  with  the  long 
axi8  of  the  vessel,  so  as  to  overile,  and  be  iiearly  but  not  quite  parallel  to,  the 
vessel.  The  second  Esmarch  bandage  is  now  passed  circularly  about  the  limb, 
eovering  the  gauze  plug  or  bandage,  compressing  the  artery  between  the  gauze 
and  the  bone.  Three  or  f our  tums  of  the  second  Esmarch  bandage  is  snfficient ; 
it  is  then  clamped  or  tied  in  plače.  The  first  Esmarch  bandage  is  now  removed, 
and  the  limb  will  be  found  completely  anemic.  Čare  must  be  taken  that  the 
pressnre  on  the  artery  is  not  cKcessive,  so  as  to  bruise  it  and  its  accompanying 
nerves. 

An  Esmarch  bandage  applied  about  a  limb  which  is  fiUed  with  blood,  or 
where  the  bandage  only  serves  to  retard  the  venous  flow  without  checking  the 
arterial  supply,  is  a  nuisance;  the  limb  continiies  to  ooze  venous  blood  from 
every  little  vessel  and  no  satisfactory  view  can  be  obtained. 

For  high  amputation  of  the  thigh,  where  an  Esmarch  bandage  is  of  no  avail, 
McBumey  hit  upon  the  clever  plan  of  making  a  small  intermuscular  incision 
through  the  abdominal  wall  in  the  iliac  region.  Through  this  an  assistant  can 
compress  the  common  iliac  artery  against  the  brim  of  the  pelvis,  completely 
controlling  ali  hemorrhage.  A  similar  procedure  can  be  done  for  the  sub- 
clavian,  but  requires  a  more  discriminating  touch  on  the  part  of  the  assistant 
doing  the  compression,  owing  te  the  proximity  of  the  brachial  plexus.  (The 
writer  recalls  a  čase  of  paralysis  of  the  arm  lasting  8ix  months  from  too  wide  a 
field  subjected  to  pressure.) 


TBAiniA  TO  TISSUES 

It  is  surprising  what  a  lot  of  abuse  the  tissues  will  stand  in  the  absence  of 
sepsis,  but  it  is  far  wiser  to  show  the  body  structures  proper  respect  and  not 
subject  them  to  needless  injury.  Parts  should  never  be  torn  where  they  can  be 
cut;  needless  pinching  with  clamps,  forceps,  etc,  is  harmful,  and  prolonged 
severe  retraction  bruises  and  temporarily  paralyzes  muscles  and  nerves.  Pro- 
longed handling  of  intestines,  and  especiallj  drag^ng  on  their  mesenterj,  is  a 
Yery  potent  factor  in  producing  postoperative  shock.  Much  subsequent  paiu 
may  be  avoided  by  seeing  to  it  that  cut  nerves  are  not  included  in  the  ligation 
of  vessels.  If  cut  nerves  can  be  identified  the  operator  should  invariably  puli 
the  nerves  as  far  out  of  the  surrounding  parts  as  possible,  and  cut  away  the 
loose  end  in  order  that  the  cut  nerve  may  not  be  involved  in  the  subsequent 
scar. 

BONE  OPEBATIONS 

The  secret  of  success  in  bone  operations  is  the  preservation  of  the  perios- 
teum.  A  bone  largely  deprived  of  periosteum  will  usually  necrose,  but  where  the 
periofiteum  is  peeled  off  during  the  operativA  work  and  then  allovved  to  fall 
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back  on  the  bone  it  will  promptly  adhere  to  the  bone,  and  the  vitalitj  of  the 
latter  will  be  preserved.  Small  areas  of  bone  may  be  deprived  of  periosteum 
without  subsequent  necrosis;  for  the  periosteum  will  bridge  across  from  the 
edges  of  periosteum  left  intact,  and  if  this  bridging  over  occurs  before  the  vital- 
ity  of  the  bone  is  exhau8ted  ali  goes  well.  If  large  areas  completely  or  in  great 
part  encircling  the  bone  be  denuded,  the  8ubsequent  necrosis  will  probably  en- 
tirely  vitiate  the  operative  procedure.  The  beginner  in  operative  practice  should 
bear  in  mind  that  the  periosteum  is  more  ea8ily  stripped  from  the  bone  than  the 
surrounding  tissues  can  be  freed  from  the  periosteum,  with  the  result  that  when 
the  bone  is  thoroughly  expo8ed  it  is  denuded  of  periosteum,  but  on  closing  the 
wound  the  periosteum  falls  back  into  plače  and  necrosis  is  avoided.  Ali  cuts 
into  bone  should  be  as  clean  and  smooth  as  possible,  and  ali  splintered  and 
bruised  f  ragments  removed.  In  cases  where  the  bone  is  divided  with  the  inten- 
tion  of  replacing  the  ends  in  apposition  the  ends  should  be  so  shaped  as  to  make 
as  good  a  fit  as  possible. 

CLOSUBE  OF  WOUNDS 

Too  much  stress  cannot  be  laid  on  the  importance  of  accurate  apposition  of 
the  parts  in  the  closure  of  wounds.  The  small  amount  of  additional  time  spent 
in  accomplishing  this  is  well  repaid  by  the  increased  rapidity  of  healing  and 
the  greater  strength  of  the  scar.  It  is  not  good,  or  at  least  refined,  surgery  to 
close  an  abdominal  woimd  with  a  generous  retention  suture  passed  through  the 
whole  thickness  of  the  abdominal  wall,  trusting  that  the  cut  edges  of  the  divided 
parts  will  be  brought  into  accurate  contact  when  the  suture  is  tied.  Such  a  plan 
is  aH  well  enough  when  great  haste  is  called  for,  because  the  resultant  scar 
serves  in  most  instances  sufficiently  well,  but  there  can  be  no  assurance  that  one 
wall  of  the  wound  does  not  lie  on  a  slightly  different  plane  from  the  other,  and 
while  the  skin  may  fit  accurately,  the  chances  are  that  the  underlying  tissues 
do  not. 

In  the  previous  chapter  we  have  discussed  the  advisability  of  using  ab- 
sorbable  sutures  and  also  the  value  of  bringing  the  parts  together  without  undue 
tension.  It  is  my  practice  to  use  as  fine  a  suture  of  plain  catgut  as  will  as- 
suredly  last  until  tissue  agglutination  has  occurred.  In  the  čase  of  endothelial 
tissue,  such  as  peritoneum,  serous  membrane,  pia  mater,  ctc,  this  occurs  in  24 
to  48  hours  or  less,  and  the  finor  numbers  of  catgut  suffico.  For  split  muscle 
fibers  where  the  replacement  is  almost  spontaneous  fine  catgut  lasts  long 
enough.  Where  a  muscle  has  been  divided  across  its  fibers,  or  where  muscle  is 
transposed  as  in  a  heniia,  treated  bv  the  Bassini  metliod,  the  union  is  much 
slower,  and  here  it  is  iiecessary  to  emplov  a  suture  that  lasts  at  least  two  weeks, 
for  which  purposo  a  so-called  20-day  chromic  gut  is  best.  The  time  for  ab- 
sorption  of  different  strands  of  catgut  of  the  same  size,  or  similar  degree  to 
which  they  have  been  chromicized,  depends  on  the  greater  or  lesser  amount  of 
blood  bathing  the  parts  where  the  gut  is  buried.     Thus  a  20-day  chromic  gut 
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emplojed  to  suture  muscles,  as  in  a  Baaaini  operation,  may  uot  last  more  tlian 

tlie  reqHired  2  week9,  whereas,  it'  emplojed  to  Biitnre  fascia,  it  uiight  last  the  full 

20  dava.    Fat  ia  alnw  to  heal  and  at  tlie  same  tirne  8liows  conaiderable  objoetion 

to  the  presence  of  coarse  suture  material,  ^hich  peculiarity  of  the  fat  niay  bo 

met  by  usiiig  a  fine  uoii-absorbable  suture  such  aa  eilk  or  pelluIoiJ  Hnen  thread 

(Pagenatecher),    which   serves   to 

close    both    the    akin    and    subcu- 

taDeoiia  fut.     To  do  this  a  fairly 

long  ciirvcd  needle  ia  used.     The 

ueedle  piercea  tlie  skin  at  a  poiut 

away  from  the   line   of   ineiaion, 

equal  in  diatance  to  the  depth  of 

the  aubcutaneouB  fat;   the  needle 

now  penetrates  the  skin   and  the 

full  thicknesa  of  the  fat,  nrosacs 

to  the  opposite    siile,   ami   passea 

tlirough  the  opposite  fat  and  akiu 

in  the  reverse  direction,  appcariug 

at    the   skin    at    a    corresponding 

point  to  its  spot  of  entrauee;  the 

stiture  ia  of  oourso  dra\vn  througli 

with  the  needle.     Several  auch  su- 

tiirea  are  passed  at  intervala,  hut 

are  not  tied  until  ail  bave  been 

plflced.     W]ien  tied,  those  sntures 

lirjng  the  cut  wail  of  fat  and  akin 

in  close  eontact,  and  it  ia  aiirpria- 

infT  how  fGw  are  needed  tn  close 

a    wound  of  conaiderahle    length, 

fotir  or  five  suffieing   for   a   ais-ineh   wound.      It   is   a   more  rapid  method 

tiian   closing  the    fat   by   biiried   catgut   suture    and   then    aewing   the    akin 

oeparatelv.      In   8ix   or   eight    dava   at   nmst   the   autnrea  bave   served   their 

piirpoae,  are  then  removed,  and  firm  healing  withont  dead   apacea  ia  the 

reenlt. 

In  curved  incisions  the  suturea  ahoiild  be  passed  so  tbat  they  correspond  to 
the  radii  of  the  circie  or  furve  on  wl]ich  the  incision  was  mado. 


■iG.  i. — Sh(iwimu  Su' 

TiBBUKB      DoWN     ' 


At  one  timfi  Michere  elips  and  subcutaneoua  skin  olosure  enjnjfil  consideroble 
popDlarit?,  Iiiit  oiu-  Bees  tliom  nmch  lesa  pmctioed  ii')w  tlian  fi)mierly.  Michel'H 
dntnp«  are  smnll  strips  of  metnl  with  aharp  prongs  Ht  the  endst;  by  meons  of  n  special 
fanidrr  and  appliontor  these  dipa  are  pluoeii  across  the  skin  wiiiind  with  ite  edges 
■|ipn>ximatpd,  then  presaed  intu  plače  and  held  by  being  s]iKbt]y  bent  on  thcmaelvea, 
Thf  advnntusp  in  their  nae  ia  apeed.  but  the.v  on]y  aerve  to  hold  thp  skin  and  provide 
no  aiipport  for  the  underlying  fat.  The  resultant  scar  is  not  aa  perfect  as  may  be 
obtained  liy  curefiil  interrupted  suturing. 
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Subcuticular  Sutiire. — The  subcuticular  suture  is  placed  by  introducing  the 
needle  with  its  suture  into  the  edges  of  the  wound  just  below  the  surface,  and 
passing  the  needle  back  and  forth  from  one  side  of  the  wound  to  the  other. 
Thus  we  form  a  continuous  suture  without  the  objection  of  the  numerous  needle 
punetures  on  the  surface.  The  removal  of  the  suture  may  be  somewhat  trouble- 
some  and  the  apposition  is  not  very  perfect. 


DBAINAGE 

When  to  drain  and  when  not  to  drain  is  a  problem  that  taxes  the  experience 
or  giiessing  powers  of  the  surgeon  to  an  annojing  degree.  In  the  presence  of 
infection  there  is  no  question ;  there  is  but  one  rule — and  that  is  to  drain.  But 
for  the  borderline  eases,  or  where  there  has  been  uncontrolled  slight  oozing,  it 
may  be  worth  while  to  elose  the  wound,  trusting  to  complete  operative  asepsis 
to  avoid  trouble.  Rather  than  take  the  chance  in  doubtful  cases,  I  prefer  to 
drain,  using,  however,  only  a  very  small  drain  of  gauze  or  folded  gutta-percha 
tissue  led  down  to  the  suspected  point;  in  two  or  three  days  this  may  be  re- 
moved,  inspected,  and  replaced  if  conditions  warrant.  Its  presence  for  a  few 
days  retards  ultimate  healing  very  little,  and  may  save  much  distress. 

Where  frank  drainago  has  to  be  emploved  one  should  respect  the  law8  of 
gravity  and  physics.  Wherever  possible  the  point  of  exit  of  a  drained  wound 
should  be  at  its  lowest  point,  so  that  the  discharges  may  escape  by  gravity; 
where  this  is  impracticable  we  must  depend  on  the  capillarity  of  the  drainage 
material.  If  gauze  be  the  material  employed,  as  soon  as  the  gauze  is  saturated 
it  should  be  replaced,  be  it  8  or  48  hours,  for  the  gauze  will  only  hold  so  much, 
and  wlien  soaked  it  fails  of  its  purpose. 

The  only  other  point  to  be  mentioned  here  in  the  drainage  of  wounds  is  to 
see  that  the  orifice  of  the  drained  tract  is  larger  than  any  of  the  undorlving 
parts,  and  that  the  chaimel  is  as  straight  as  possible.  It  is  follv  to  attempt  to 
drain  and  heal  up  a  large  buried  area  through  a  small  skin  orifice.  Laving  the 
superficial  tissues  wide  open  will  save  much  time,  distress,  and  risk  to  the 
patient. 

DBESsmas 

The  application  of  gauze  to  a  wound,  open  or  closed,  serves  a  threefold 
purpose:  (1)  to  absorb  moisture  and  discharges  of  the  wound;  (2)  to  prevent 
objectionable  material  from  coming  in  contact  with  the  wound;  (3)  to  serve  as 
a  splint  for  keeping  the  parts  at  rest.  Plain,  drv  storile  gauze  is  the  most 
efficient  agent  to  accomplish  the  first  purpose.  The  same  material  serves  ad- 
mirablv  for  the  second,  and  if  helped  out  with  cotton  is  verv  satisfactory  for  the 
third,  unless  absolute  absenco  of  motion  is  desired,  as  in  cases  of  fracture  where 
some  rigid  material  must  be  employed  on  the  outside,  as  plaster-of-Paris. 


USE    OF    INSTRUMENTS 

Too  little  stress  is  luid  on  tho  vnlue  of  reat  of  the  parts  after  operation,  and  one 
niay  frequeiitly  seo  the  dreasmg  of  a  poBt-operative  wound  left  to  one  of  Ihe  junior 
house  ataS,  who  hns  nerer  received  proper  instruutioii  on  the  subjeet.  Take  for  esam- 
ple  a  sim|)le  closed  appendectomy  WDund.  Tlie  uaual  procinliire  ia  souiething  as  fol- 
kiAVBi  The  surgeon  and  hia  principal  assistunta  have  closed  the  woiind  niid  tum  nway, 
a  junior  places  a  aijuare  of  gauze  on  the  woiiiid  and  over  that  prossea  a  couple  of  stripa 
of  adliesive  plnster;  a  biiider  inay  be  t.hen  put  over  ali.  Now,  if  the  putient  hnve  a 
fairly  full-roiiuded  belly,  the  adhesire.  if  proper!y  put  on  {and  it  aeldom  is),  or  the 
binder,  may  serve  well  enough  for  a  splint  and  keep  the  abdominal  wall  at  reat.  If,  on 
the  olher  hand,  the  pntient  be  thin.  or  with  a  contracted  belly,  or  prominent  anterior 
iliac  epines,  no  proper  eupport  bas  beeii  given,  Those  ■who  apply  the  dressings  and 
who  value  the  comfort  of  their  patients  ahould  8tndy  each  čase  and  mark  its  needa. 
PcTeoually,  I  make  it  a  practice  to  use  shaken  out  AniTs  or  handkerchiefa  of  gauKe,  and 
with  theae  biiild  up  a  dreaaing  which  vrill  araooth  out  the  incqualities  of  the  region 
about  the  wound,  so  that  when  the  binidage,  adhesivo,  or  binder  is  applied,  a  uiiifomily 
firm  but  liglit  pressure  is  evenly  diatributed  over  the  parts,  acrving  to  keep  the  muselea 
at  nst. 

This  is  we!l  illustrated  in  operations  for  heuiorrhoids,  where  the  anua  hoB  been 
Mretebed.  One  of  the  great  discotnforts  followiug  these  operationa  ia  from  the  aag- 
gittg  of  ihe  enllre  perineul  floor  due  to  the  relased  levator  ani  muscle.  This  inay  be 
»erj  large!y  relieved  by  liuilding  up  a  pyraniid  of  gauze,  the  apejt  of  whi';h  impiuges 
and  the  plane  of  the  baae  is  on  a  leve!  wtth  the  tuber  iacbii.  The  T-binder 
liolds  this  wedge  in  plače  and  the  perincura  is  givon  proper  support,  which  it  does  not 
receiTfl  from  flat  shecls  of  gauze,  no  matter  bow  many  in  nutnber. 


USE  OP  INSTRUMENTS 

The  illuatration  ahows  a  few  of  the  ordinary  instrumenta,  and  an  ex- 
planation  of  them  maj  aid  the  heginner  in  layiug  the  foundation  of  bis  arma- 
mentariuDi.  A  great  varietv  of  instrumenta  is  needed  for  special  wnrk,  and 
aucb  inatniments  will  be  discussed  under  the  description  of  the  special  opera- 
tions. 

The  knifo  shown  is  of  tlie  "fiill-belliod"  t^pe  ulread,y  refcrred  to,  and  the 
o{>crntor  ahould  ngain  be  euutioned  to  do  the  cuttinfr  with  the  prominent  part  of 
the  hlflile,  and  not  de|>end  on  the  point  to  "acratch"  throiigh  tho  tiasuea. 

Two  arlerj  clampe  are  showii.  The  one  with  the  bhmt.  thick  tips  ia  to  be 
RMMminvnded  for  general  work,  as  the  conical  blades  aid  the  ligatnre  to  slip 
off  on  to  the  tip  of  the  vesael  durint;  the  act  of  tying,  and  this  bliint  instrument 
b  ioB«  liablo  to  pimcture  into  surrouiiding  tisaues  while  clamping  the  bleeding 
point.    Tho  Hner  nosed  forcepa  shouid  be  used  with  incroaaed  eare. 

It  will  be  noted  that  the  sciaaora  Bhown  aro  quite  heavv.  biunt-tipped,  and 
ihe  blades  quite  ahort,  with  relatively  long  handlea.  It  ia  vcrv  aeldom  that  the 
Biirgeon  is  called  on  to  mako  a  cut  over  an  inch  or  two  in  longth  with  hia  scis- 
sors,  and  eonBe<]uentl_v  it  ia  noedleaa  to  bave  the  blades  ionpcr  than  t\vo  inchca, 
Tho  longt^r  tho  handlea  are  in  proportion  to  the  lilades  (within  roaaon,  of  conrso) 
tlit!  mori-  ea8ily  the  cnta  are  made,  and  with  leas  fatigiie  to  tho  hand.  Sharp- 
piiintcd  sclasorsara  very  liable  to  puuctiire  eurroundiug  structures  uulcss  great 
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čare  be  used,  and  prescnt  no  valuo  for  deiicacj'  of  work  over  bhint-pomted  onea, 
and  con8e(i\ient]y  are  not  to  be  recommeuded  save  to  the  most  esperienced  oper- 
ator. Scissors  with  bladett  cur\-ed  ou  ihe  flat  are  of  great  aasistaiice  because, 
while  UHiii^  theiii,  tbe  vision  is  less  obstnictcd  bv  the  instrument  itself,  thus 
assuring  one  tlmt  hc  is  cnttinp  ontv  tho  stniptiires  desirrd  and  nothing  more. 


Tbnnib  furceps  are  of  two  varieties:  tbose  witb  Hat,  corrugated  bhule  tips 
and  thoae  vhose  tipa  terminale  in  abarp  interlocking  teoth.  Tbe  flat-bladed 
ones,  or  diasecting  foi-eeps,  as  tbey  are  called,  depentl  on  the  prcssnre  eserted 
in  preasing  tbe  blades  togother  to  maiiitain  their  bold  on  the  atmctures  grasped. 
If  tbe  tisaiio  bo  resistant  or  tmder  tension,  considerable  force  mnst  be  used  to 
prevent  tbe  forceps  from  slipping.  Tbe  rcanlt  is  tbat  tbe  tisaues  are  bad]y 
bniiaed  between  the  blades,  and  the  operator  is  fatigiied  if  tbe  tension  bas  to 
be  long  maintained. 

Tbe  other  varietv,  tbe  mouse-tnotbed,  depeuds  ou  tbe  abarp  teetb  puncturiug 
the  tissuea  for  luaintaining  the  graap.  Thev  are  much  siiperior  to  the  diasecting 
forceps  espppt  in  aituatinus  where  the  pnuctiire  of  the  sharp  teeth  mav  c^ause 
damage,  as,  for  esaraple,  grasping  a  blood-vessel  or  thin-waned  loop  of  intestine. 
In  ordinary  work  wbere  the  tissiies  are  not  injnred  bv  the  puucture  of  the  teeth, 
as  for  examp]e  the  akin,  musele,  faacia,  etc,  tbe  monse-toothed  forceps  niaiutain 
a  firmer  and  less  fatigiiinff  grip  and  do  lese  damage.  The  very  long  pair  of 
moiisc-tnothod  forceps  ahown  in  tho  pietnre  bas  slender  blades  of  uniform 
diameter  for  a  large  portion  of  their  length.     Thcy  are  particularlj  valuable 
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in  doing  deep  dissections.  as  thev  do  not  iuterfere  with  the  field  of  vision.  The 
verv  delicate  small  pair  of  forceps  is  eonstructed  juat  like  those  deacribed 
escept  for  the  size,  They  are  particiilarly  iisefiil  in  inverting  small  hollow 
stuiupa  like  the  stiiinp  of  an  amputated  appeiidix  or  the  divided  eystic  duct  after 
cholecyate<'ton]y. 

The  tension  or  spring  of  a  pair  of  forceps  depends  on  individiial  ehoice,  but 
I  find  that  the  forceps  that  reqiiire  the  least  pressiire  to  cloae  theni  and  yet  have 
sufficient  reailieiicy  to  relax  their  hold  oii  the  tissues  are  pleasanteat  to  uae. 
There  is  (piite  a  little  muacular  effort  expeiided  to  keep  a  firm  graap  on  the 
tissues,  and  if  the  spring  is  strong  and  the  operation  lengthy  the  fatigiie  to  the 
fiiigers  is  very  marked, 

Two  probes  are  8hown.  The  one  is  the  iisiial  fine  ailver  probe.  and  the 
other  raiieh  largpr  in  diameter  and  longer.  Both  have  bnlboiia  tips.  It  is 
almost  impossible  t«  fniidc  the  small  prciho  along  a  crookcd  sinus,  the  diameter 
of  the  orifice  of  which  is  the  size  of,  or  bnt  little  larger  than,  that  of  the  probe, 
withoiit  having  the  probo  punetnre  into  the  surrounding  tissues  and  make  a  »ew 
tract  for  itself,  thns  obscuring  the  infurmation  sought.  Nearly  ali  sinuses  that 
tlie  surgeon  sceks  to  explore  with  a  probo  are  of  siiffiirient  aize  to  admit  the  larger 
instrument,  provided  the  orifice  be  eular^d  by  a  slight  cut  or  atretchiug.  The 
larger  probe  with  its  heavier  end  is  less  prone  to  force  its  way  out  of  the  ainua, 
and  with  a  little  manipulation  and  bending  of  the  probe  a  fairly  crooked  sinus 
can  be  safelv  explored  for  some  distance. 

Retractors,  ex(»pt  the  very  coiiraoBt,  are  with  difficulty  held  in  plače  unlesa 
the  retractop  bas  its  too  turned  baokward  for  a  ahort  distance,  or  else  terminatea 
in  sbarp  prongs.  Sharp-pronged  rptractors  are  to  be  used  circum3pectly,  for 
tl]ey  easilj  may  eause  dnmage  by  punetnre.  The  smaller  retractors  shovn  in 
tlie  picture  are  verv  prgctical  varieties  for  general  use.  and  others  of  varioua 
siicea.  built  on  the  same  plan,  are  suitablo  for  larger  and  deeper  work.  The 
lai^  pair  8hown  is  the  so-called  "trowc!  retraetor"  of  Child.  They  are  de- 
sigtied  and  especiallv  adapted  for  pelvic  work  through  the  abdomen.  Thej  aid 
in  keepiug  the  surroimdiug  struetures  from  slipping  into  the  pelvis,  and  serve 
as  eicellent  Hght  reflectora. 


OPERATING   THEATER 


It  wonId  be  a  very  difficult  iiiattcr  to  preseribe  the  arrangement  of  an  op- 
erating  theater  and  its  acceasorv  rooma  whieh  wonld  meet  the  approval  of  a 
nia]ority  of  anrgeons.  Everv  operator  bas  his  own  individual  preferences  based 
on  CKBtom  and  exporienee,  and  if  called  on  to  build  an  operating-room  would 
inporporatc  his  personal  view3.  LikcwiBe  arehitects  ahould  not  build  a  surgical 
e<)nipment  without  oonsulting  tbose  wbo  will  have  to  use  it, 

Tliere  are  certain  general  principles  agrecd  on  hy  aH  that  it  may  be  proper 
to  menlion,     Foremost  of  thesc  are  suitiible  iigbt  lUid  ventilution,  acceasibilitv 
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of  the  various  parts  of  the  plant,  and  a  construction  that  permits  of  a  high 
degree  of  cleanliness. 

Light. — The  best  of  ali  lights  is  bright  daylight  (but  should  not  include 
direct  sun-rays),  and  to  accomplish  this  an  overhead  8kylight  either  flat  or 
slightlj  sloping  toward  the  north  (in  the  northern  hemisphere)  fumishes  the 
most  satisfaetory  natural  light.  The  skylight  should  not  be  plaeed  so  high 
above  the  floor  that  a  large  amoiint  of  light  is  lost,  and  the  skylight  should  be 
8ufficiently  large  to  amply  cover  the  space  occupied  by  the  operating-table  and 
its  surroimdings.  Ordinary  wall  windows  are  well  enough  for  lighting  if  the 
operative  field  can  be  brought  close  to  tlie  window,  but  sueh  light  entering  the 
room  horizontally,  or  at  an  acute  angle,  is  of  little  use  for  illuminating  a  deep 
wound.  For  perineal  work  a  side  window  light  is  of  the  greatest  convenieuce 
and  satisfaetion. 

Electric  lighting  is  the  best  of  ali  artificial  light,  as  it  is  safe  and  clean. 
For  ordinary  purposes  an  electric  fixture  with  half  a  dozen  bulbs  plaeed  so  as 
to  throw  their  light  directly  downward  onto  the  table  is  a  very  sati8factory 
arrangement.  This  niay  be  further  supplcniented  by  one  or  two  portable 
electric  lamps  equipped  with  reflectors,  to  be  held  by  an  assistant  or  fixed  to 
an  adjustable  stand  so  as  to  throw  the  light  at  any  angle  desired. 

For  thoroughly  equipped  operating  theaters  the  plan  of  using  reflected 
electric  light  has  recently  been  adopted.  The  principle  is  as  follow8:  A  pow- 
erful  are  light  is  plaeed  in  a  room  adjacent  to  the  operating-room  and  through 
a  bole  in  the  wall  the  light  from  the  lamp,  gathered  by  a  lens  into  a  beam  of 
parallel  ravs,  is  projected  into  the  operating-room  and  čast  upon  a  mirror 
fastened  on  the  opposite  wall.  The  lamp,  hole  in  the  wall,  and  mirror  are 
ali  several  feet  higher  than  the  heads  of  the  operators.  The  mirror  is 
swiveled  and  can  be  adjusted  to  čast  the  reflected  light  directly,  or  by  other 
mirrors,  on  the  operative  field.  The  advantages  of  this  method  are  a  stronger 
concentrated  light  čast  directly  on  the  desired  field,  and  a  very  large  dim- 
inution  of  heat,  as  the  are  lamp  is  plaeed  some  distance  away  and  in  another 
room. 

A  much  more  expensive  equipment  consists  of  a  group  of  mirrors  on  which 
the  beam  is  first  received.  The  surfaces  of  these  mirrors  are  not  in  the  same 
plane,  but  are  plaeed  at  slightly  different  angles  one  to  another.  From  this 
battery  there  will  be  reflected  as  many  ravs  of  light  as  there  are  mirrors  in  the 
battery,  and  each  ray  will  diverge  from  the  others.  These  various  secondarv 
beams  are  each  caught  on  other  mirrors,  which  in  tum  reflect  the  light  so  as  to 
concentrate  ali  the  rays  onto  the  desired  field.  The  advantage  of  this  plan  is 
the  absence  of  shadows.  ^Vhere  the  light  comes  from  but  one  reflected  beam  it 
is  very  probable  that  some  object,  say  the  8urgeon'8  hand,  will  get  into  the  patli 
of  light  and  thus  čast  a  shadow ;  whercas,  with  a  "batterv"  of  seven  mirrors  or 
80,  we  have  seven  ravs  from  diflFerent  angles  concentrated  on  the  field.  This 
would  roquire  seven  objects,  each  plaeed  in  a  separate  path  of  light,  before  we 
would  get  more  than  the  fainteat  shadow.     An  equipment  of  this  sort  has  been 
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in  use  at  the  Preabjterian  Hospital  of  New  Tork  and  has  given  grcat  satisfac- 
tion. 

No  matter  how  well  oquipped  with  electric  light  an  operating  theater  is, 
tlicre  shoiild  be  some  acecaaory  9>stcm  whieh  mav  be  put  in  eommission 
on  the  Bhortcst  notice.  The  bcst  for  tbis  is  gaa,  biirniug  in  invertcd 
inantles.  The  light  is  powcrfiiI,  8teady,  and  clean,  but  of  coiirae  throw8 
otit  miich  heat  and  presents  the  danger  of  a  naked  flame  for  ignition  of  ether 
vapor,  ctc 

TentilatioB. — A  very  high  temperature  is  not  easential  in  an  operating- 
room,  but  the  patient  ehoiild  bo  protected  from  ali  drafts  and  the  air  of  the 


FiQ.  3. — Markob  Ofbhatino  Table. 

ro»tm  should  be  as  fresh  as  poBsiblc.  I  belicve  a  temperature  of  70°  F.  (21°  C.) 
is  (jiiite  warm  cmmgh,  providcd  thcro  are  no  drafts,  and  the  drafta  cun  ho  avoided 
bv  ke«'ping  doors  and  windows  shut  if  some  form  of  artitieial  vcntilatiiig  sy8- 
tein  bas  heen  iiiHtalled.  Engineers  and  architects  who  may  bo  engaged  in 
eqnipping  a  ventilating  svsteni  for  operating- rooms  slioiild  be  inutmcted  to 
make  the  cntrances  and  egrcascs  for  air  largcr  for  o])eruting  thcatera  than  for 
ordinarv  rooms,  to  insure  rapid  rcnioval  of  Ihe  aiieathetic  vaporH,  and  to  gnar- 
autfc  verv  perfect  ventilution  without  ri'8ortiiig  to  opening  the  window8.  The 
air  entering  the  room  should  pasa  throiigli  some  sort  of  screen  or  sieve  to  remove 
palpable  particles  and  duat. 

Acoessible  Seoondary  Roonu. — In  addition  to  the  operating-room  proper 
there  sliould  be  in  close  communication  with  it  a  roora  in  whieh  the  staff  may 
drcss  and  wa8h,  a  stcrilizing  room  for  preparing  surgical  materiala,  and  Buit- 
able  Btorago  rooms,  togcther  witli  a  room  dcvoted  cxchisively  to  anesthetizing 
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the  patients.  Tho  perfect  sealing  of  waste  trapa,  with  which  modem  phimbing 
IS  provided,  oflFers  biit  very  littlo  risk  of  contamination  from  that  source;  and 
80  basius  and  siiiks  inay  be  placcd  directly  in  the  operating-room,  but  they  add 
to  the  labor  of  kceping  the  operating-room  as  dustless  and  clean  as  possible,  and 
hcnce  it  is  far  better  that  ali  plumbing  and  fixtures  be  placed  in  one  of  the 
adjoining  chambers. 

Cleanliness. — The  material  and  constniction  of  the  operating-room  and  its 
accessorj  chambers  should  permit  ali  parts  to  be  flnshed  oiit  with  a  bose,  plav- 
ing  a  generous  stream  of  hot  water,  without  in  anv  way  injuring  the  surfaces. 
Marble  or  tiles  set  in  Portland  cement  have  been  the  favorite  materials  for  thia 
pnrpose  and  are  ideal  on  account  of  their  durability,  smooth  surfaces,  aad. 
beauty.    Such  an  eqiiipment  is  expensive,  and  for  ali  practical  purposes  Port*- 
land  cement  well  troweled  fumishes  an  equally  good  surface,  biit  lacks  the  sl\' 
tractive  appearance.     Corners,  wherever  possible,  are  rounded,  and  ali  woo« 


Fio.  8. — Kelly  Instrument  Table. 


work  should  be  free  from  grooves  and  mouldings  and  painted  with  hard  enamel 
paint.  A  niimbor  of  patent  floorings  have  been  used,  but  none  are  so  good  and 
lasting  as  the  marble  mosaics  set  in  Portland  cement,  or  the  plain  cement  itself. 

Famiture. — The  prime  retpiisite  of  an  opcrating-table  is  that  its  height  is 
such  as  to  permit  the  surgcon  to  do  his  work  without  unduly  stooping  over.  In 
addition,  the  table  should  be  adjustable,  allowing  the  patient  to  be  placed  and 
firmly  held  in  various  postures  adapted  to  the  work  at  hand.  I  know  of  no 
better  table  than  the  one  that  bears  the  name  Francis  lilarkc^e,  or  the  Hartlej- 
Murrav  table.  This  table  is  of  tubular  metal  frame,  metal  edges  and  braces, 
and  mav  be  equipped  with  a  glass  or  sheet  iron  or  copper,  nickel-plated  top. 
It  permits  of  being  adjustod  for  the  Trcndelenburg,  lithotomv,  Hartlev,  Rose, 
and  other  positions.  The  Cunningham  bridge  is  also  furuished,  elevating  the 
waist  of  the  patient  while  Iving  on  the  side,  a  most  valuable  feature  in  kidnej 
operations.  The  drainage  is  provided  for  in  a  verv  satisfactory  manner,  and  a 
hoop  of  iron  to  be  draped  with  a  curtain  shuts  off  the  anesthetist  from  the  field 
of  operation. 

In  connection  with  operating-tables  it  is  proper  to  mention  the  Bentlev- 
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Squier'8  portable  table.    Whne  not  designed  aa  a  feature  of  pennanent  operat- 

injr-room  equipment,  the  table  is  a  most  useful  adjunct  to  the  surgeon's  kit. 

The  table  can  be  folded  into  a  small  space 

and  is  of  ligbt  weight  so  that  it  mav  be  easily 

transported  from  hoiise  to  bouse  for  work  in 

private.     Wben  in  poBition  the  table  is  very 

rigid  and  capable  of  several  adjiistraents. 

Beside  the  operating^table,  the  operating- 
room  shonld  be  equipped  with  aeveral  tablet 
and  atHiids  for  instrumenta,  dresainga,  and 
gloves.  A  verv  serviceable  type  for  instm- 
ments  is  thflt  of  Ke]ly.  Thia  is  umial]y  fur- 
nished  with  a  glaas  top,  but  one  of  aheet  iron 
ia  juat  as  nseful,  lasta  longer,  and  is  cheaper. 
Iland  bo\vIa  and  irrigating  stands  shovvn  in 
tlie  cnts  explain  tbemaelves, 

\Vhen  in  tise  tlie  tables  shonid  be  draped 
with  sterile  sheets,  and  on  theae  the  sterile  in- 
stniments,  dressings,  etc.,  are  plaeed  and  covered  over  with  sterile  towel8. 


— Hahd  Bowi4. 


POSITION  AND  ARRANGEBIENT   OF   PATIENT 

Before  being  anesthetized  tbe  patient  shoiild  be  clothed  in  a  oant^n  flannel 
powT],  with  the  opening  in  the  back,  pennitting  its  removal  and  replaceraent 
while  in  the  recunibent  position.  There  alionld  also  be  pro- 
vided  a  pair  of  loose  stocking-Iike  garments  of  canton  flannel, 
reaching  up  to  the  knee.  The  bair  ia  covered  witb  a  nibber 
bathing-cap.  Thus  clad,  and  covered  with  a  light  biit  wami 
blanket,  the  patient  is  well  protected  while  taking  tbe  anea- 
thetie,  Iving  either  on  a  stretcher  or  in  bed. 

On  the  operating-table  the  patient  should  lie  on  a  soft  pad 
to  serve  as  a  proteetion  againat  the  glass  or  metal  top  of  the 
table.  Čare  ia  takcn  to  acc  that  the  patient's  amis  or  legs  do 
not  hang  over  the  edge  of  the  table,  producing  a  pressure  that 
may  resuit  in  a  very  annoving  paral.vsia. 

The  site  of  operation  is  now  expo8ed,  the  final  sterilization 
given,  and  the  whole  body  covered  with  a  sterile  sheet  rei'n- 
forced  by  sterile  towel8,  leaving  the  oporative  area  free.  If 
the  field  be  a  small  one  a  bole  of  snitable  size  in  the  sheet 
makes  a  verv  practieal  arrangement.  If  a  whole  limb  ia  to  be 
in  view,  the  rest  of  the  bod_y  is  covered  as  described  and  the 
limb  in  qnestiou  rests  on  sterile  tovvels  or  a  second  smaller 
_  sheet.  - 

<MTiMa  Štakd.  If  the  operation  be  about  the  face  or  neck,  the  rubber  cap 
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is  covered  by  sterile  towel8,  and  towels  are  so  placed  as  to  leave  the  desired  parts 
exposed. 

For  operations  on  the  back  the  patient  lies  on  the  abdomen ;  but  čare  must 
be  taken  that  one  shoulder  is  supported  on  a  sandbag  so  that  the  breathing  is 
not  restricted,  and  that  the  arm  of  the  unsiipported  shoulder  be  alongside  of, 
and  not  doubled  under,  the  body.  For  perineal  work  the  foot  of  the  table  ia 
lowered  and  tlie  tliiglis  strongly  flexed  on  the  body  and  abdiicted  with  bent 
knees ;  the  buttoeks  are  raised  slightly  on  a  sand-bag.  To  maintain  this  position 
the  rods  and  stirnips  with  wliich  most  tables  are  equipped  serve  fair]y  well,  but 
personally  I  prefer  tlie  Clover  cnitcli.  This  appliance  eonsists  of  a  telescoping 
rod  of  metal  capable  of  being  adjusted  and  elamped  at  varying  lengths,  each 
cnd  of  the  rod  temiinating  in  a  leather  strap  to  be  buckled  below  the  patient's 
knee.  A  long  strap  is  passed  behind  the  patient's  neck ;  one  side  passing  in 
front  of  the  shoulder,  the  other  passing  through  the  opposite  axilla ;  the  ends  of 
this  strap  are  buckled  to  either  end  of  the  extension  rod.  With  this  device  the 
thighs  can  be  fleked  and  the  knees  abducted  as  much  as  may  be  desired. 

The  accompanying  cuts  sho\v  the  patient  in  position  for  several  types  of 
operation.  In  the  Trendelenburg  position  the  hinge  between  the  body  of  the 
table  and  the  footpieee  should  correspond  with  the  knee-joint,  and  the  braces 
against  which  the  shoulders  rest  should  be  so  adjusted  that  a  good  part  of  the 
patient's  weight  is  supported  by  the  shoulders  rather  than  let  the  patient  hang 
by  the  knees. 

In  the  ^*Rose'^  position  the  head  hangs  over  the  edge  of  the  table.  This  is  a 
most  useful  position  for  operation  in  the  mouth,  as,  for  example,  reseetion  of 
the  »uperior  maxilla,  the  blood  necessarily  accumulating  in  the  back  of  the 
pharynx  being  less  prone  to  enter  the  trachea.  It  is  also  the  correct  position  for 
introdueing  the  tube  when  intratracheal  insufflation  is  to  be  employed  for  anes- 
thesia.  In  operations  on  the  kidney  through  the  lateral  route  the  patient  lies 
on  the  side  with  the  waist  line  resting  on  the  **Cunningham  bridge."  The 
bridge  is  then  elevated,  whieh  widcns  the  eosto-iliac  space  and  crowds  the  kid- 
ney  nearer  the  surf ace — a  great  comfort  to  the  surgeon. 


SURGEON^S  DBESS 

Operating  dress  is  subject  to  the  dictates  of  fashion  and  individual  taste,  as 
are  other  articles  of  clothing,  and  one  can  but  mention  one's  personal  choice. 
The  writer  prefers  a  simplc  cotton  pvjania  suit  with  short  sleeves.  This  suit 
is  put  on  when  preparing  for  the  operation,  and  while  furnished  sterile,  as  a 
matter  of  routine,  no  attempt  is  made  to  keep  the  garments  aseptic.  After  pre- 
paring the  hands  the  rubber  gloves  are  put  on  and  then  a  sterile  linen  gown  is 
donned.  This  gown  reaches  from  the  neck  to  well  below  the  knees,  is  buttoned 
at  the  back,  and  lias  long  sleeves.  The  sleeves  are  gathered  at  the  wrist  with 
elastic  bands  placed  in  the  puckering  hcm,  or  tapes  inay  bo  used.    As  the  gown 
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[  is  put  on  after  the  frloves,  the  sloeves  at  the  wri9t  lie  superficial  to  tlie  ganntlet 
of  llie  glove,  This  I  believe  to  be  a  better  and  neater  arraugenient  than  draw- 
iiij^  tlie  gauntlet  o£  the  glove  over  (hc  lovver  eud  of  the  aleeve.  The  aleeve  of  the 
gowu  shuuld  be  iiiade  Bufficientlj  long  bo  that  no  niovement  of  the  ann  draga 
on  the  <'iiff,  a]lowing  a  gap  to  exist  between  the  sleeve  and  glove,  expoaiiig  an 
orea  of  naked  vnist. 

A  cap  and  a  mask,  if  deaired,  are  theu  adjiiated  bv  the  attendant  nurse. 
The  eurgeon,  enjoviutr  f^Kid  health,  who  obsen-es  the  iiiecties  of  ihe  toilet  as 


n^rds  the  hvgieno  of  the  niouth  and  acalp  need  fear  but  littlo  froni  them  as 
aoun^eft  of  wo»nd  infection.  If,  however,  the  siir^on  siiffers  frora  a  coryza  he 
ahoiild  invariablv  wear  some  form  of  moiith  and  iioae  cnveriiin;  likewise  the 
victiin  of  dandniff  should  wcar  n  cap.  A  varietv  nf  these  cnveringH  has  been 
ido(ited.  The  conimonest  forni  of  cap  used  ia  a  simple  cap  of  cotton  cloth, 
wbich  covera  aboiit  as  rauch  of  the  aurgeon'a  acalp  as  the  nrdinary  bat,  and  is 
tvell  enoagb  as  far  na  it  gooa ;  but  the  temples  are  left  expoHed  and  no  assiirance 


1 


46  GENERAL  OPERATIVE  TECHNIO 

given  that  perspiration  from  the  forehead  inay  not  drop  into  the  wound.    The 
masks  aro  simple  8qiiares  of  folded  gaiize  with  a  tape  8ewn  at  each  coriier.    The 
iipper  pair  of  tapes  pass  around  tlie  liead  above  tho  ears  and  are  tied  behind.; 
the  lower  pair  pass  around  the  neck  and  are  there  tied.     Sneh  a  mask  eovera 
tlienose  and  moutli.    The  combined  mask  and  head  covering  in  the  illnstratiou 
is  the  one  that  appeals  to  me.     It  resembles  the  **casque"  of  a  medieval  aruiot. 
It  covers  the  entire  head  and  face,  leaving  only  a  generous  space  for  the  eyc3a« 
Being  in  one  piece,  and  having  no  strings  to  tie,  simplify  its  application. 


CHAPTER   III 

SUBGICAL    ANESTHESIA 

Karl  Connell 

INTRODUCTION 

The  abolition  of  the  sensation  of  pain,  together  with  surgical  asepsis,  haa 
made  possible  modem  8urgery. 

Pain  is  abolished  by  anv  phjsical  or  ehemical  agent  whieh  suspends  for  the 
moment  funetion  of  the  sensorj  nerve  terminals,  the  eonducting  paths,  or  the 
receiving  neurons  of  pain  perception. 

Local  Anesthesia. — (See  llesume,  p.  71. — Editor.)  The  nerve  terminals 
and  eonducting  paths  are  aeted  upon  physically  by  eold  and  pressure,  and  by 
other  physical  agents.  They  are  acted  upon  chemieallv  by  a  gronp  of  alkaloid- 
like  bodies,  which  are  so  administered  as  to  aet  loeally  as  transitory  poisons  on  a 
group  of  nerve  terminals  or  on  a  selected  nerve  trunk.  The  administration  and 
dosage  of  the  poison  are  so  adjusted  as  to  eaiise  the  minimal  systemic  eflFect. 

General  Anesthesia. — The  receiving  neuronS;  on  the  other  hand,  are  an- 
esthetized  onlv  by  agents  whose  diffusion  is  general.  For  the  most  part  these 
agents  are  volatile  and  gaseous  drugs,  administered  usually  by  the  pulmonary 
roiite.  They  abolish  first  the  fimction  of  the  cerebral  cortex,  followed  by  that 
of  the  basal  and  spinal  nuclei,  nntil  finally  in  ovcrdosage  the  great  vital  centers 
cease  to  act. 

For  completeness  there  may  be  mentioned  certain  forms  of  anesthesia  inci- 
dental  to  toxic  overdosage  of  alkaloidal  and  other  narcotics.  Anesthesia  is  also 
present  in  traiima  to  the  central  nervoiis  svstem,  in  the  state  of  hypnosis,  in  that 
of  catalepsy  and  hysteria,  in  profound  shock,  and  in  the  intense  intoxication  of 
variona  diseases.  Anesthesia  so  induced  or  accidcntally  present  is  occa8ionally 
used  wholly  or  in  part  for  painless  surgical  procedure. 


LOCAL   ANESTHESIA 

Local  anesthesia  is  secured  by  teniporarv  inhibition  of  the  condnctivitv  of 
the  nerve  ends  or  the  nerve  trunks  distributed  to  a  given  area,  througli  plujsical 
or  ehemical  agents. 
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LOOAI<  ANESTHESIA   BT  PHY8I0AI<  AOENTB 

Certain  forms  of  electricity,  of  light,  and  radioactivitj  are  anesthetic^  yet 
the  only  really  useful  phjsical  agents  available  for  surgical  purposes  are  pres- 
sure  and  refrigeration. 

Fressure. — Inhibiting  the  function  of  a  nerve  trunk  by  local  pressure  or  by 
a  tightly  constricting  band  is  of  historical  interest  only,  since  it  causea  pain,  is 
uncertain,  and  may  result  in  long-continued  or  permanent  motor  palsj.  The 
only  common  exaniple  of  useful  pressure  anesthesia  is  that  of  pinching  up  a 
spot  of  skin  for  the  painless  insertion  of  the  hypodermic  needle. 

Refrigeration. — indications  and  limitations.—  Numbing  by  cold  is  use- 
ful for  superficial  anesthesia  and  for  the  psyehic  effect,  in  anticipation  of 
puncturing  through  the  skin  by  needle  or  trocar  or  of  a  superficial  incision. 
The  anesthesia  is  superficial,  incomplete,  and  transitory,  and  the  discomfort  of 
chilling  often  exceeds  that  of  the  surgical  proceduro  in  hand.  For  deep  in- 
cisions  chilling  is  at  best  an  emergency  makeshift. 

TECHNIC. — The  traditional  niethod  is  to  pack  against  the  area  pulverized 
ice  and  salt,  equal  parts,  inclosed  in  a  rubber  bag  for  from  3  to  5  minutes,  or 
until  the  surface  is  numb.  The  operation  in  hand  is  speedily  carried  to  termina- 
tion.  In  olden  days  this  chilling  was  repeated  as  successive  planeš  of  tissue 
were  met.  Sodium  sulphate  as  the  ref rigerant  salt  is  more  effective  than  sodium 
chlorid. 

A  more  rapidly  effective  method  is  the  vaporization  of  the  volatile  liquids 
upon  the  surface.  For  example,  a  fine  spray  of  ether  may  be  directed  against 
the  part,  vaporization  being  hastcncd  by  blowing.  This  results  in  suparficial 
chilling  of  the  tissue.  As  soon  as  the  tissue  begins  to  blanch  and  stiffen  the 
spray  is  discontinued,  since  superficial  anesthesia  is  now  present.  Hard  freez- 
ing  is  not  desirable,  for  the  tissue  cuts  with  more  difficulty,  the  after-pain  is 
considerable,  and  necrosis  mav  follow. 

The  standard  method  of  to-dav  is  to  direct  at  the  part  from  a  distance  of  5 
to  10  in.  a  sprav  of  ethyl  chlorid  held  as  a  liquid  in  a  commercial  container 
(Fig.  1).  The  tissue  is  superficially  f rožen  l)y  the  rapidly  volatilizing  liqiiid 
within  half  a  minute,  resulting  in  transitory  anesthesia. 

LOCAI<   ANESTHESIA    BT    CHEMICAL   AGENTS 

Introduction. — Chemical  agents  are  more  generally  useful  than  phjsical 
agents.  They  are  for  the  most  part  alkaloid-like,  loosely  combining  nerve 
poisons  of  the  cocain  tvpe,  and  act  on  the  nerve  terminals  or  the  nerve  trunks. 

Anesthesia  by  Action  on  Nerve  Terminals.  — Sensorv  nerve  terminals  may  be 
reached:  first,  by  osmosis  through  mucous  membrane  and  other  absorbent 
surface;  second,  by  hvpodermic  injection  into  and  diffusion  through  the  lymph 
spaces — infiltration  anesthesia;  tliird,  by  local  injection  into  the  8equestrated 
venous  system  of  a  given  area — intravenous  anesthesia;  and,  foui*th^  by  inject- 
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iiifi;  the  nnestbetic  into  tlie  arterial  aystem  siipplving  llie  ilpsired  area — uiid- 
arterial  iiiiefithe»iii.  A  method  whidi  may  be  diamissed  witli  a  worJ  coiisista  in 
drivinp  the  aiiesthetic  cheniical  into  tlic  tissue  by  electric  current — ^lataphoreaia. 

Aneatheua  by  Action  on  Nerre  Trunks. — Entire  regions  mav  be  aneatbetized 
by  blocking  the  nerve  trunks,  eitber  by  injecting  clirectl_y  into  tbe  truiik 
— intraneural  aiiestbesia,  or  by  infiltration  in  the  neighborhood — perineural 
anesthesia. 

By  injecting  the  agent  into  tlie  spinal  fluid  exten9ive  segmenta  of  tho  bodv 


Fio.  I. — BKfBioEEATioN  BT  Ethvl  Cblohib.  The  elhjrl-chlorid  Container  U  odjustcd  to  spTBy  a 
fine  slrivni  from  a  distunco  oC  abuut  6  inthi^s.  Evaporatioii  in  haaleaed  by  blovuiR  od  the  apot 
fron  ■  dUlance  of  abiiut  10  inchea.  Wlifn  the  un;ii  for  upcrutioii  hus  liocoiiie  Tronti'«)  nnil  atiffened, 
•uperficiAl  anestheaia  ia  preaeut. 

ni«y  I>e  nnestbotized  bv  there  blocking  the  nerve  roota  in  the  spinal  oanai — 
spiiial  or  intraniedn]lary  aneathesia. 

Agenti COCAIN.— Cocain  is  the  moat  rapid  and  effective  of  local  anes- 

tbeticB.  rt  haa  a  marked  local  vasoconstriction  action,  tending  to  render  drv 
the  operative  field  and  to  prolong  the  local  anestbesia.  The  vasoconstriction 
itiliibita  tbe  re-ahaorption  by  tho  bluod  plasma  of  the  dnig  from  the  nerve  tissue 
wilh  wbicli  it  bas  loo9ely  combined.  By  the  addition  of  adrenalin  tbe  vaso- 
constriction is  rendcred  more  effieieut,  the  nnion  of  the  anesthetie  in  the  local 
area  is  moro  complete,  anesthcsia  is  increased  in  deptb  and  in  duration,  abaorp- 
tioii  U  dclaved,  and  the  liahilitv  to  aystemic  intoxication  miicb  diminished. 

CcKiain  bas  three  drawback8:  first,  it  is  imstahle  when  in  sohition,  bence  for 
fiill  »ii«>stbetie  vabie  it  mnstbe  fre3hly  dissolved;  second.  it  ia  largelv  deatroved 
hy  boiling.  hence  ditficnit  to  sterilize;  third,  it  is  an  exeitant  to  the  central 
nurvous  sjatem  nf  high  tr03ticity.  It  sbonld  not  be  nsed  in  quantitie8  exceeding 
0.05  gram  actnallv  to  be  absorbed.  Even  lesa  qnantitie3  than  this  froquently 
canso  excitation  of  speech  and  inotion  and  cardiae  palpitation.  Sudden  deaths 
from  cardiae  faihire  huvc  l>ocn  iittcrihed  to  minute  dosea  of  the  drug. 

Preparation  of  the  Solntion  of  Cocain. — The  solutions  of  cocain  are  aa  a  rule 
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from  %  up  to  2  per  cent.  One-half  per  cent.  is  the  routine  strength  for 
minor  operations.  This  solution  mav  be  safely  used  iip  to  10  c.  c.  for  anes- 
thetizing  the  skin  and  deeper  structures  in  minor  operations,  or  for  cutaneous 
anesthesia  in  major  procedure.  Two  per  cent.  is  the  preferred  strength  where 
intense  effect  with  little  distention  of  tissiie  is  desired,  as  in  acutelv  inflamed 
areas. 

Where  the  sterility  of  the  solution  miist  be  unquestioned  on]y  the  sterile 
crjstals  in  sealed  ampules  from  the  manufacturer  should  be  used.  These 
should  be  dissolved  at  the  time  of  use,  preferablj  in  sterile  normal  saline 
solution. 

For  routine  work  it  suffices  to  drop  the  commercial  crjstals  or  tablets  into 
water,  or  preferablj  into  freshlj  boiled  normal  saline  solution  just  as  boiling 
ceases.  The  crjstalline  drug  is  permitted  to  sink  quietly  to  the  bottom.  Thus 
contaminating  pjogenic  or  other  surface  organisms,  if  present,  are  washed  oflF 
and  killed  in  the  hot  upper  stratum  of  water  while  the  cocain  dissolves  in  the 
cool  bottom  stratimi. 

A  method  more  surely  effective  but  rarely  used  on  account  of  deterioration 
of  the  cocain  is  fractional  sterilization,  i.  e.,  exposure  of  the  solution  on  3 
successive  days  to  a  temperature  of  67°  C.  for  ^/^  hour.  A  method  for  large 
quantitio8  is  filtration  through  a  Berkefeld  filter. 

Plain  water  is  f requently  used  as  the  solvent,  but  it  is  in  itself  a  celi  irritant, 
produces  pain,  waterlogs  the  tissue  and  may  injure  the  cells.  These  are 
negligible  factors  with  small  injections,  but  for  use  of  considerable  quantitie3 
the  sohition  should  be  made  isotonic  by  salt.  The  weight  of  the  required  cocain 
salt  may  be  disregarded  in  calculating  tonicity,  since  cocain  must  be  present  in 
large  quantities  (5.8  per  cent.)  to  in  itself  render  the  solution  isotonic.  When 
epinephrin  (adrenalin)  is  added  such  quantity  is  used  as  to  make  a  strength 
of  1  :  20,000  solution. 

NOVOCAIN. — Of  the  many  substitutes  for  cocain,  this  svnthetic  alkaloid  is 
the  best.  It  has  the  advantage  over  cocain  of  being  7  times  less  toxic.  The 
solution  keeps  many  weeks  without  change,  and  it  may  be  sterilized  by  heat, 
since  the  drug  does  not  perceptiblv  decompose  on  boiling.  Only  after  prolonged 
or  repeated  boiling  is  evidence  of  deterioration  noticeable.  It  lacks  the  vaso- 
constriction  action  of  cocain  and  is  not  so  rapidlv  nor  so  persistently  anesthetic. 
Under  favorable  conditions  anesthesia  appears  in  about  2  minutes  and  persists 
about  15  minutes.  For  more  lasting  anesthetic  eflFect  it  must  be  combined,  as 
must  weak  cocain  solution,  with  epinephrin  (adrenalin)  1 :10,000  to  1 :40,000. 
It  is  non-irritating  to  tissue. 

Novocain  is  used  in  solution  of  the  same  percentage  as  cocain,  and  because 
of  less  toxicity  in  quantity  7  to  10  times  as  greaf,  i.  e.,  up  to  gm.  0.5  (grains  7.5). 

It  is  the  routine  agent  for  use  after  the  skin  has  been  anesthetized  by  cocain 
and  is  the  anesthetic  of  choice  in  ali  extensive  infiltration  and  endovascular 
injection  procedures. 

8T0VAIN. — The  usage  of  this  drug  is  largely  confined  to  the  induction  of 
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spiual  nerve  root  auestliesia.  Although  oiily  about  half  as  toxie  as  cocaiu,  it  is 
niil(]ly  irritatiug,  lowerB  tbe  vitalitv  of  tissiie,  ia  a  mild  vasodilator,  and  causes 
after-paiii.    It  inhibits  tbe  motor  as  well  aa  the  aensory  nervea. 

Tlic  eolntioii  iiiay  bo  ateiilizcd  bv  j^eiitle  boiliiig  for  3  minutcs.  It  ia  more 
powerfuI,  more  toxic,  aud  less  stable  tbaii  uovocaiu,  It  is  precipitated  by 
alkalies  and  for  spinal  injefition  tlie  Botution  must  be  acidified  with  lactic  acid, 
aiifJ  stcniized  by  Pasteurization  at  07^  C, 

<jmNIN  AND  URBA  HTDROCHLOBATE. — This  drug  is  nsed  where  prolonged 
local  anesthcsia  ia  deaired.  AnestliosJa  appeara  8lowly,  i.  e.,  in  from  15  minutea 
to  y2  bour.  It  peraista  for  1  or  2  day3  or  longer.  Solutions  are  sterilized  witli- 
oiit  detcrioration  by  boiling.  It  ia  uaed  in  the  eame  etrength  aa  cocain,  i.  e.,  ^4 
h>  2  per  cent. 

I,ocally  quiiiin  and  urea  hvdro('bIfirato  is  a  celi  irritant.  It  caiiaea  edema 
and  lotters  the  vitalitv  of  the  tiasue.  NVminrls  heal  less  promptlv  and  the  estab- 
lishment  and  spread  of  infection  is  promoted.  Even  diiute  sohitions  may  cause 
sloiighing  of  the  tissiie  and  strong  solutions  raiist  be  used  with  caution.  It 
Kbould  not  lle  used  in  infetrtcd  areas,  or  those  Hable  to  becoine  infe«ted,  nor  in 
tisstic  of  iow  vitality.     It  bas  very  little  general  toxicity. 

OTHER  DBUaS  WHICH  ARE  LOCALLY  ANE8THETIC. — Tho  foregoiug  agenta 
are  generally  recogiiiKed  aa  the  best  available,  altbough  even  tbey  are  not  com- 
plcte]y  8ati8factory.  Manv  otber  druga  havo  heon  tried  and  found  wanting, 
aniong  theae  tropococain.  whicb,  although  only  half  aa  toxie  aa  cocain,  is  much 
less  anestbetic  and  ia  a  vaaodilator;  alijpin,  wbich  in  toxicity  almoat  eqiiala 
(MH-ain,  causea  pain  aud  vaHodilatation,  alao  marked  after-pain  and  irritation. 
To  thcse  miiv  bc  added  eurain,  bela-eucain,  kolocaitt,  and  many  other  druga. 

Adjnvants  to  Local  Aneathetio  Agenta. — EPlNEPHRlN^Tbis  agent  ia  a 
powerful  vasoeonstrictor,  thereby  it  deJaja  the  absorption  o£  an  ancathetic, 
diminiabea  the  8yatemic  iutoxication,  and  prolnnga  the  regional  effeet.  Tho 
■Yaeoeonetriction  effeet  may  bo  ao  marked  and  prolonged  aa  to  devitalize  the 
tisBiies.  Epinephrin  abould  not  be  applied  to  mucoua  membrane  atroiiger  than 
1 :  '2,000.  or  injected  8uhcutaneouBly  Btronger  than  1 :  10,000.  Epinephrin 
ha«  a  general  toxic  effeet  in  overdosage.  It  abould  not  be  used  in  intravaaeular 
Dietbods  of  anesthesia.  Although  8nbcutaneoU8ly  the  8ystemic  effeet  is  only 
1/40  as  powcrful  as  by  intravenous  dosage,  yet  oven  for  infiltration  anesthesia 
volutiona  should  mntain  in  total  not  more  than  5  c.  c.  (75  minima)  of  tho 
1:  I.OOO  atn<ik  aolution. 

The  alkaloidal  narcotics,  hydrocarboii  and  other  general  anesthetics  as  ad- 
juvaiits  to  local  agent  are  conaidered  later. 

1.     Local  Anesthesia  by  Osmosis 

Mucous  and  other  nioist  memhranea  may  be  rendered  superficiallj  anestbetic 
by  local  application  of  tbe  eelected  ngont.  Tbrough  normal  akin  anesthetics 
•re  not  absorbed  in  suthcient  quantity  for  aurgical  aneathesia. 
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The  only  efficient  agent  on  absorptive  eurfaces  is  eocain  hydrochlorate,  in 
strength  of  from  1  to  10  per  cent.  solution  in  sterile  water.  Two  per  cent 
bliints  sensation  within  2  minutes.  Ten  per  cent.  accomplishes  complete  anal- 
gesia  within  5  minutes.  Occasionallj  on  very  restricted  areas  the  pure  eocain 
cry8tals  are  applied.  To  anesthetize  periosteum  beneath  mucous  membrane  10 
per  cent.  of  eocain  must  be  held  in  contact  for  15  to  20  minutes. 

For  noše  and  throat  operations  the  usual  procedure  is  to  spray  8paringly 
with  weak  solutions,  securing  thereby  sufficient  anesthesia  so  that  stronger  solu- 
tion may  be  applied  directly  to  the  desired  area  by  a  cotton  swab  without  irrita- 
tion,  or  for  deep  and  prolonged  anesthetic  action  held  in  contact  by  packing 
the  part. 

On  structures  with  poor  circulation,  such  as  the  cornea,  the  action  of  eocain 
as  a  protoplasmic  poison  contra-indicates  the  use  of  solutions  stronger  than  2 
per  cent. 

The  general  toxic  effect  of  eocain  must  be  ever  borne  in  mind  by  the  surgeon 
and  a  total  of  eocain  which  could  be  absorbed  in  exces8  of  0.05  gm.  (%  grain) 
should  never  be  used.  Fatal  reaults  liave  followed  the  local  application  of  much 
smaller  amounts  than  the  above,  notably  in  the  urethra.  Larger  amounts,  even 
up  to  10  grains,  are  used.  locallv  in  the  expectation  that  a  toxic  dose  will  not  be 
absorbed.    It  should  be  used  with  great  caution.    None  should  be  swallowed. 

As  an  osmotic  agent  novoeain  is  a  feeble  anesthetic  and  lacks  altogether  the 
highly  desirable  quality  of  eocain  in  blanching  the  field  of  mucous  operations. 

2.     Local  Anesthesia  by  Infiltration 

Oeneral  Considerations. — The  agent  is  injected  into  or  beneath  the  skin. 
By  diffusion  throughout  the  neighboring  intercellular  spaces  it  inhibits  the 
nerve  terminals  of  pain  perception.  By  the  usual  agents,  i.  e.,  eocain  and 
novoeain,  touch  perception  is  not  so  fullv  inhibited  as  is  pain  sense.  Volun- 
tary  motion  is  inhibited  verv  little. 

Diffusion  of  the  anesthetic  mav  be  interfered  with  by  dense  planeš  of  tissue, 
or  by  the  brawny  edema  of  acutelv  inflamed  area ;  or,  again,  the  anesthetic  may 
be  rapidlv  absorbed  by  blood  or  IjTuph  flow  before  it  can  combine  with  nerve 
tissue.  These  adverse  f actors  are  met  by  grading  the  strength  of  the  anesthetic ; 
by  proper  distribution  of  the  solution  in  the  various  planeš  of  tissue,  and  by 
there  delaving  absorption  of  the  drug  into  the  circulation,  either  by  mechan- 
icallv  stopping  the  circulation  or  by  adding  to  the  solution  a  vasoconstrictor. 

Apparatos  for  Infiltration  Anesthesia. — The  best  svringe  for  infiltrating 
dense  structures,  such  as  skin  and  acutelv  inflamed  area,  is  one  of  small 
capacitv,  1  to  2  c.  c,  with  slendcr  piston  so  that  the  solution  mav  be  injected 
economicallv,  accuratelv,  and  with  little  pressure  on  the  piston.  For  infiltrat- 
ing loose  tissue  with  verv  dilute  solution  larger  svringes,  5  to  10  e.  c.,  are  more 
convenient. 

Steel  needle^  are  the  best,  holding  a  sharper  edge,  are  more  rigid,  and 
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mnch  cheaper  than  those  of  iridiopintinum,  Thes«  tatter,  liowever,  ahoiild  be 
used  for  Jeep  piuit-ture,  where  motion  of  the  patient  may  siiap  tlie  needle.  Tlie 
best  needle  ptiints  are  those  groiiiid  on  a  ehort  bevel  witli  a  roiinded  euttiug  edge. 

The  apparatua  should  be  steriHzed  b_y  botliiig  in  plain  water.  Syringes  of 
luetal  and  glaas  are  fragile  to  heat ;  those  of  the  I.ner  all-glaBs  tvpe  and  those  of 
the  all-nietal  tvpe  are  most  praeticable. 

General  Tecluiio  of  Infiltration  Anesthesia.- — The  needle  is  inserted  iuto  the 
akin  obHquely  at  an  angle  of  iiO^.  As  aoou  as  the  lunien  of  the  needle  ia 
biiried,  from  abont  ^  to  4  niinims  la  gradually  injected  iintil  a  whituned  wheal  is 
raised  and  spreads  in  the  substance  of  the  skin,  Tnto  this  the  needle  niay  be 
thnist  further  and  the  wlieal  rapidly  elongated.  When  furtiier  thrnst  ceases 
to  raise  a  wheal  effectiveiy  the  needle  ia  withdrawn  and  insertcd  at  the  edge  o£ 
the  elongated  wheal  and  a  aecond  injection  made,  so  progressing  until  the  line 
of  incision  is  infiltrated.  A  verv  effective  meana  to  prolong  the  cutaneous  anes- 
theaia  ia  to  widely  block  off  by  circnmferential  infiltration  the  entire  area  of 
operalion,  aft«r  the  manner  of  Braiin.  Effective  anesthesia  ia  indueed,  not  by 
iiiHssive  edeniatous  infiltration,  but  by  eomplete  diffiiaion  of  proper  strongth 
of  aneatlietic. 

If  immediate  anesthesia  is  not  desired  the  skin  may  bc  liberally  infiltrated 
through  deep  layera  by  weak  solution.  An  extenaive  skin  area  may  thus  be 
more  rapidlv  infiltrated  than  by  tho  whcal  niethod,  yet  anesthesia  is  not  so 
rapidly  cstablished  nor  so  peraiatont.  The  anesthetization  of  the  zone  of  in- 
cision heing  eompleted,  the  needle  is  plungcd  into  the  dceper  structnrcs  and 
injoctiou  made  into  those  lavers  of  the  field  of  operation  which  carry  pain 
sense.  Manv  tisauea  auch  aa  fat,  muscle,  areolar  tiaaiie,  and  fascia  give  no 
sense  of  pain  to  sharp  dissection,  and  rcqnire  no  infiltration. 

Those  tissnes  to  which  special  čare  mnst  be  given  are  skin  and  mucous  anr- 
face,  nerve  trunks,  vasetilar  tninks,  periosteuni,  parietal  plenra,  parietal  perito- 
nenm,  and  joint  structnrea.  AH  these  tissues  mnst  be  indopendently  infiltrated 
wben  rcaehed. 

Traction  and  exces8ivp  pressure  on  tiasne  shoTild  not  lie  used.  These  give 
rise  to  seiisation,  against  the  blookage  of  which  local  anesthesia  is  not  effective. 
Some  of  these  aensations.  while  not  those  of  conscions  pain,  inipair  the  function 
of  great  vital  avstems  sncb  aa  the  eirculatory.  reapiratorv.  and  svmpathetic. 
An  esperiallv  pentle.  clean,  aharp-cutting  technic  mnst  be  dcveloped  for  suc- 
«>9S  with  looal  anesthesia. 

Preferred  Technic  for  Special  Gronps  of  Operations. — mtnor  operations 
ON  NON-INFLAMED  ABEAS,— The  skin  is  anesthetized  by  l/.  per  cent.  pocain  or 
novocain  with  epinephrin  1 :  20,000,  bv  line  of  wheala.  Incision  is  made  and 
tlie  dceper  parts  injected  aa  need  ariaes. 

MlNOB  0PEHAT10N8  ON  TNFLAMKD  AREAS.— When  in  a  condition  of  floute 
iiifiamination  ali  tisauoa  beconie  more  or  leas  senaitized.  Tf  tho  area  of  opera- 
tion be  small,  as,  for  example,  i«  a  fnrmifile,  the  area  is  blocked  by  slowly  anr- 
(otiudiug  it  with  wbealB  of  injected  anesthetic,  preferably  \<i  per  cent.  solution 
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of  freshlj  dissolved  cocain.  The  deeper  subcutaneous  tissue  must  be  more 
liberallv  infiltrated  than  when  dealing  with  non-inflamed  tissue.  For  more 
rapid  and  certain  anesthesia  and  to  decrease  the  pain  caused  by  distention  of 
tissue  alreadj  tense  the  percentage  of  cocain  may  be  advantageouslj  increased 
to  1  or  2  per  cent.  solution.  The  toxic  limit,  i.  e.,  %  grain,  must  not  be  ex- 
ceeded  in  the  total  amount  of  cocain  used. 

MAJOB  OPERATIONS  ON  NON-INFLAMED  ABEAS.— For  extensive  and  pro 

longed  operation  under  local  anesthesia  it  is  desirable  to  induce  by  morphin 


Fio.  2. — Infiltration  Anesthesia:  Furunclb.     A  line  of  wheals  enciroles  the  septio  area.    '^^^ 
needle  is  reinserted  only  so  often  as  further  infiltratioi«  ceases  to  raise  a  wheal.    It  is  reinserte^ 
in  an  area  already  anesthetised.     The  desensitised  area  within  the  circle  of  wheal8  is  infiltrated 
by  four  or  more  separate  punctures,  infiltrating  the  skin  and  the  underlying  tissue.    Line  of  crucia/ 
incision  diagrammed. 

other  alkaloid  light  preliminary  narcosis.  Thus  the  harmful  psychic  dread  of 
operation  and  the  acute  cognizance  of  the  imaccustomed  surroundings  and 
procedures  in  the  operating  room  are  blunted,  the  dosage  of  local  anesthetic  may 
be  lessened  and  the  duration  of  effect  increased.  At  any  stage  of  the  operation 
this  narcotic  state  mav  be  deepened  and  the  effect  of  the  local  anesthetic  mark- 
edly  increased  by  administering  by  inhalation  about  1  drop  of  ether  per  second 
for  a  few  minutes. 

The  usual  narcotic  is  morphin,  grain  1/4,  with  atropin^  grain  1/160,  given 
hypoderraically  ViJ  hour  before  the  operation ;  a  more  active  combination  is 
morphin,  irrain  %»  »iid  scopolamin,  grain  1/100. 

The  line  of  incision  is  anesthetized  by  widely  surrounding  it  by  wheal8, 
preferablv  of  VL»  P^^  cent.  novocain  in  normal  saline  with  epinephrin  freshly 
added  1 :  20,000. 

Through  this  blocked-off  area  deeper  tissue  is  infiltrated,  preferably  with 
%  novocain-adrenalin   solution;  the  skin   is  then  incised.     Next  each   suc- 
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cessive  layer  is  infiltrated  with  novocain  in  the  degree  which  its  sensitiveness 
reqiiires,  infiltrating  with  special  care  parietal  peritoneum,  pleura,  and  peri- 
osteum.  Solution  of  ^/4  P^r  cent.  novocain,  combined  with  epinephrin  1 :  40,- 
000,  is  the  most  generally  useful  for  exten8ive  infiltration. 

Where  the  need  of  a  considerable  quantity  of  anesthetic  is  anticipated  it  is 
well  to  measure  out  prior  to  the  operation  the  maximimi  total  dose  which  may 
be  safely  used.  One  measures  out  for  a  stock  solution  50  c.  c.  of  novocain,  1 
per  cent.  solution  in  normal  saline,  to  which  is  added  epinephrin  sufficient  to 
make  1 :  10,000.  This  contains  0.5  gram  or  7^4  grains  of  novocain,  the  limit 
of  safety.  From  this  stock  is  withdrawn  for  the  first  cutaneous  injection,  full 
strength  solution ;  for  subsequent  infiltration  the  stock  solution  is  diluted  with 
3  parts  of  saline  solution  (0.8  per  cent.)  to  yield  a  1/4  per  cent.  novocain  solu- 
tion with  strength  of  epinephrin  1 :  40,000.     Weaker  solutions  are  ineffective. 

When  sensory  nerve  trunks  are  encountered,  as,  for  example,  in  hemiotomy, 
these  are  separately  infiltrated.  Thus  a  wide  area  becomes  anesthetic  and 
requires  no  further  infiltration. 

The  novice  in  local  anesthesia  must  beware  of  pressure  by  blunt  instru- 
ments,  of  the  spreading  of  the  muscle  fibers,  and  of  traction  on  the  viscera. 
Such  manipulations,  while  not  painful  to  the  patient,  give  rise  to  undesirable 
stimuli,  which  may  result  in  vomiting,  syncope,  shock,  postoperative  neuras- 
thenia,  and  other  nervous  derangement. 

EXTENSIVE  OPEBATION  ON  ACUTELT  INFLAMED  AREAS.— Infiltration  an- 

esthesia  is  inadvisable  for  exten8ive  incision  of  inflamed  areas,  or  for  deep- 
seated  tendon  and  joint  lesions.  The  pain  of  injection,  the  unsatisfactory 
anesthesia,  and  the  toxic  dosage  necessary  to  secure  any  reasonable  degree  of 
anesthesia  render  general  anesthesia  much  preferable. 

T3rpe8  of  Operation  Performed  TTnder  Infiltration  Anesthesia. — operations 
ABOUT  THE  HEAD  AND  FACE. — For  the  disseciion  of  small  superficial  tumors 
and  plnstic  operations  on  the  head  and  elsemhere  the  line  of  incision  mav  be  in- 
filtrated, or  the  entire  tumor  may  be  blocked  by  a  circle  of  wheals  as  described 
under  Minor  Operations  on  Uninflamed  Areas.  Dissection  proceeds  with 
the  usual  gentle  manipulation  necessitated  by  local  anesthesia.  The  deeper 
planeš  of  tissue  are  anesthetized  only  as  need  arises.  On  the  face  and  other 
highly  vascular  parts  the  proportion  of  epinephrin  must  be  as  high 
as  1 :10,000  to  secure  the  vasoconstriction  needful  for  the  maintenanče  of 
anesthesia. 

Wounds  of  the  scalp  and  elsewhere  are  best  treated  without  local  anes- 
thesia, since  the  pain  of  infiltration  equals  that  of  cleansing  and  suture. 

In  fractures  of  the  skull  small  fragments  of  bone  may  bo  elevated  or  re- 
moved  by  a  trephine  under  infiltration  anesthesia,  particular  care  being  used 
to  forcibly  inject  the  anesthetic  circumferentiallv  under  the  pericranium.  The 
meninges  and  brain  are  insensitive.  Large  operations  are  preferably  done 
under  general  anesthesia. 

Any  section  of  the  face  may  be  readily  anesthetized  by  infiltration  for  the 
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xci8ioii  of  stnall  tumors  and  hasal  celi  epitheliomata.     However,  absorption 

apid  and  anesthesia  transitorjr,  even  when  the  usual  strength  of  epinephrin 

oiibled.     For  larger  procedures  infiltration  is  of  little  service. 

P^rations,  such  as  prolonged  plastic  work  on  the  eyelids,  noše  and  movih, 

j^ciston  of  epitheliomata  involving  glandular  dissection,  operalion  on  the 

a  and  fnandible,  are  feasible  only  by  blocking  the  various  sensorj  brancbes 

©  trigeminus  at  strategic  points.     The  elaborate  and  precise  technic  is 

escribed  in  the  monographs  of  Braun  and  of  Hirshel.     For  the  smaller 

procedures  see  Intraneural  Infiltration. 

,  ®  ^^^  dram  may  be  anesthetized  for  puncture  by  infiltrating  deeplj  into 

the  superior  wall  of  the  exteraal  auditorj  canal. 
.  ^^^vidual  teeth  may  be  anesthetized  by  foreibly  injecting  the  anesthetic 
a  small,  strong  8yringe  into  the  gum  at  the  margin  and  beneath  the  peri- 
^ni  of  the  alveolar  border,  both  on  the  buccal  and  lingual  aspect. 
or  operations  on  the  mandible  see  Intraneural  Infiltration. 
^^  <^peration  within  the  noše  see  Local  Anesthesia  by  Osmosis. 

MINOK    OPERATIONS    ON    THE    NECK    AND    THROAT. — The    tonsil  region 

i^ay  be  anesthetized  by  8wabbing  the  pillar  with  10  per  cent.  cocaiu  and  then 

intiltrating  the  peritonsillar  tissue  with  %  per  cent.  cocain  or  novocain  so- 
lution. 

^uperficial  lesions  and  encapsulated  tumors  may  be  removed  and  ahscesses 
opened  under  infiltration  anesthesia.  For  extension  dissection  of  glands  and 
lymph  nodes  local  anesthesia  is  inadequate. 

■For  furuncles,  carhuncles,  etc,  the  area  is  surrounded  by  a  circle  of  cocain 
infiltration  in  a  line  of  wheal3  as  described  under  Minor  Operations  on  In- 
flamed  Areas.  The  line  of  incision  within  this  circle  is  infiltrated,  čare  being 
taken  that  the  needle  onee  fouled  in  the  septic  area  is  not  inserted  in  the  sur- 
rounding  healthy  tissue.  Finally  several  deeper  punctures  in  the  septic  area 
are  made  and  the  underlying  base  infiltrated. 

TRACHEOTOMT.- — For  tracheotomy  local  anesthesia  by  infiltration  is  par- 
ticularly  satisfactory. 

THYR0IDECT0MY. — An  oval  area  embracing  the  line  of  collar  incision  is 
injected  with  anesthetic,  first  infiltrating  the  skin  circumferentially  by  line  of 
wheals,  then  the  subeutaneous  tissue  and  platysma  with  weak  anesthetic  solu- 
tion  (see  page  54).  Incision  is  then  made,  exposing  the  deep  cervical  fascia, 
through  whieh  the  deep  musele  plane  is  infiltrated  in  a  wide  band.  After  a  mo- 
ment this  plane  may  be  divided  gently  by  sharp  incision.  The  lobes  and  the 
isthmus  of  the  thyroid  are  now  exposed.  With  great  caution  to  avoid  intra- 
vascular  injection  of  the  anesthetic,  the  areolar  tissue  outside  the  thyroid  is 
8cantily  infiltrated  as  need  arises,  particular  čare  being  given  to  the  superior 
pole  and  to  the  space  between  the  trachea  and  thyroid.  Each  lateral  lobe  may 
now  be  carefully  dislocated  and  resected  or  otherwise  dealt  with.  Thyroid 
tissue  proper  is  not  sensitive. 

TH0RAC0T0MY. — The  area  of  incision  is  widely  blocked  as  in  the  foregoing 
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procedure.  The  periosteum  of  the  rib  is  infiltrated  and  then  the  needle  is 
directed  up  beneath  the  overhanging  lower  edge  of  the  rib  and  the  region  of  the 
intercostal  ncrve  is  infiltrated.  The  rib  is  now  resected  and  the  parietal  pleura 
separatelj  infiltrated  before  being  incised. 

CELIOTOMY. — The  area  of  incision  is  widely  blocked  by  infiltrating  the  skin 


Fia.  3. — Infiltration  Anestresia  for  Rbpair  op  Small  Inouinal  Hernia.     Indication  of  area 

blocked  by  line  of  superficial  wheal8  and  by  deeper  infiltration. 


and  subcutaneous  tissue  down  to  tlie  muscles,  as  in  major  operations  (see  page 
54).  Incision  is  made  and  the  muscle  planeš  are  scantily  infiltrated  as  one 
proceeds.  These  are  now  divided  by  clean  dissection  with  little  traction,  ex- 
posing  the  fascia  transversalis.  Through  this  layer  the  subperitoneal  areolar 
tissue  is  infiltrated  as  widely  as  is  feasible.  The  peritoneal  sac  is  now  opened. 
The  manipulation  of  the  abdominal  viscera  induces  no  immediate  sensation 
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of  pain,  and  they  maj  be  operated  on  without  anesthetization  so  long  as  pres- 
sure  and  traction  are  avoided.  For  closure  and  siiture  of  the  abdominal  wall 
after  prolonged  operations  the  parietal  peritoneum  and  skin  may  have  to  be 
reanesthetized.  If  reenforcement  of  the  local  analgesic  be  needed  the  best 
agent  is  a  few  drops  of  ether  (see  the  Zone  of  Confusion  in  Ether  Anesthesia^ 


Fia.  4. — iNFii/niATioN  Anesthesia  for  Repair  of  Scrotal  Hbrnia.     Groin  and  entiro  scrotum  blocked 
by  line  of  whcaU.     Doepor  tissues  infiltrated  and  nerve  trunks  blocked. 


page  82).  One  has  reeoursc  to  the  prolonged  anesthetic  action  of  quinin  and 
iirea  as  a  supplementarv  procedure,  but  the  drug  interferes  \vitli  wound  healing 
and  has  been  largely  abandoncd. 

OPERATION  FOR  SMALL  INGUINAL  AND  FEMORAL  HERNIA,  HTDROCBIiB 

OF  THE  CORD,  AND  GLAND  OF  THE  GROIN. — The  area  is  blocked  as  in  Figure 
3.  If  the  operation  be  for  scrotal  hemia  the  field  is  infiltrated  by  more 
extensively  surrounding  the  scrotum  as  in  Figure  4.  In  about  3  minutes  the 
skin  and  the  extemal  oblique  muscle  may  be  incised  and  the  intemal  ring  ex- 
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posed.  The  ileohjpogaatrie  nerve  is  now  identified  Ijing  upon  the  intemal 
oblique  muscle  above  the  upper  margin  of  the  interaal  ring.  The  ileo-inguinal 
nerve  is  identified  with  more  difficu!ty,  ninning  with  the  cord  through  the 
inguinal  canal  and  l^ing  on  the  iinder  siirface  of  the  cord  facing  Poupart's 
ligament.  Each  nerve  is  hloeked  as  it  ia  ezposed  by 
intranenral  injection  (*e  page  61).  Fnrther  snr- 
gical  inanipiilation  tlieieiipon  hecomea  painleas,  aave 
the  t^ing  off  of  tlie  sae.  This  mnst  be  hloeked  sepa- 
rately  by  local  inBItration  of  the  subperitoneal  tisaue. 
The  skin  inay  have  regained  sensation  before  the  close 
of  the  operation  and  tben  must  again  be  scantilj  infil- 
trated  to  be  siitnred. 

0PERATI0N8  POB  HTDKOCELE,  OPBBATION8  ON 
THE  TESTICLE,  ETC— Tbe  arca  of  incision  is 
hloeked  by  infiltration,  The  sae  is  exposed  and  each 
line  of  dissection  infiltrated  hefore  incision. 

CIBCUMCI8I0N.— The  penis  is  constrieted  by  a  liga- 
ture  of  nibber  tnhing.  The  sheatb  of  the  penia  is  in- 
filtrated tbrough  the  superficial  1ayer  proximal  to  the 
line  of  ctrciilar  incision,  and  the  reflected  portion 
8eparately  infiltrated  near  the  corona,  infiltrating  wltli 
speeial  čare  the  frenum.  A  collar  section  of  the 
prepuce  may  then  be  exci9ed,  preferably  by  sharp  dis- 
section. 

HEMOHBHOIDS. — See  Pigure  5. 
OPEBATIONS  ON  THE  tTPPEE  AND  LOWEB  EI- 
TBEMlTlEa — For  excision  of  patellar  buraa  or  adjusl- 
ment  of  patellar  fracture  the  area  is  hloeked  as  in  Fig- 
ure 6.  The  periosteal  layer  bcncath  the  bursa  must  be 
separateiy  infiltrated  by  deep  puncture. 

For  ampulation  of  tke  smaller  toes  atid  (he  fingen 
the  proper  line  of  infiltration  ia  shown  in  Figure  7. 
For  ampuiation  of  the  great  toe  or  aribroplasty,  as  for  hallux  valgUB,  the 
procedure  is  indicated  by  the  same  diagram. 

For  operations  on.  tke  distal  plialanges  of  the  toes  and  fingers  tho  nerve 
trunks  may  be  blocked  by  perineural  infiltration  at  the  first  phalanz  (see  page 
27),  or  the  site  of  operation  may  be  locallv  infiltrated  as  by  the  general  tedi- 
nie  of  infiltration  on  uninflamed  areas. 

Fractures  of  the  lang  hones  siich  as  Colles'  fracture  maj  be  reduced  nnder 
infiltration  anesthesia. 


Fia   7  — Infiltration  An- 

EaTHBBIA    OF-   TSE    T0E8. 

IjDe  oF  inHltratiou  for 
Dcrve  terminal  aod  aervo 
truok  coaductioa  anes- 
tbesu  for  amputation, 
pUutio  arthrotoiiiy  or 
other  looal  minor  pro- 
oedureB. 
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Introdnction. — \Vlien  it  is  tJesirable  to  aneatlietize  entire  regioua  with 
miuimal  manipulalion  and  smaH  dosage  of  local  anesthetic  one  bas  recourse  to 
the  foliowinp  metliod :  The  most  effectual  method,  where  it  can  be  applied,  ia 
infiltratioii  into  a  nerve  tnink — intraneural  infiltraiton.  A  nerve  trunk  may 
aiso  bo  blocked  b.v  infiltratiiig  into  tlie  surrouiidiiig  tiasue — perineural  infiltra- 
iiotu  Or  the  nerve  tniiik  inav  bo  batlied  in  the  proper  anesthetic  solution,  as  by 
injecting  tbe  agent  into  the  apinal  canal — spinal  or  meduUary  anesthesia. 

An  entire  segment  of  an  estremity  maj  be  anesthetized  by  injecting  the 
agsat  into  the  vasciilar  channels  of  that  part — inimvenous  and  inlra-arierial 
locol  anesiheam. 


Beoional  Anestue; 


Intkanei 


,  Inkiltration 


For  the  infiltratiou  of  an  esposed  nerve  trunk  the  nerve  ia  held  Bteady  by 
^iize  or  grasped  iu  epecial  forceps  whic]i  do  not  pincli  or  bniise.  Into  the 
nervo  is  injected  through  a  fino  bypodennic  ueedle  auflicient  solution  to  make  a 
butbous  swelling  on  the  nerve.  Tbe  best  agenta  are  a  solution  of  i/.  per  cent- 
cocain  or  of  1  per  cent.  novocain. 

Tbe  p\mctiire  aud  injeotion  cause  momentary  tingling  and  otber  pares- 
thesiieover  tbe  diatribiition  of  the  nerve.  \Vithin  2  minutes  anesthesia  appears 
and  graduall.y  deepens  for  the  next  10  niinutes.  Thia  anesthesia  is  absolute 
onlv  at  the  center  of  tbe  nerve  distrihution.  indeed  there  mav  be  hyper©8tbesia 
at  the  peripbery  of  the  area  of  distrihution  wbere  the  nerve  ia  overlapped 
bv  neigbboring  8uppiy.  Anesthesia  lasta  30  to  90  miniitea,  occasionallv 
longpr, 

For  intraneural  injeotion  of  imexpoaed  nervo  trunka  onIy  tboae  trunka  which 
buTc  a  definite  coitrae  and  landmarka  are  availnble.  Tbe  entranoo  of  the  inject- 
ing ncedle  into  these  trunka  is  signaled  bv  a  sensation  like  an  olectric  abock 
along  the  nerve.  Thus  tbo  proper  trunk  from  a  p]exua  may  be  identified  and 
injected.  For  Ihis  blind  mefhod  fhe  solulioii  should  be  tvice  as  strong  a£  when 
ihe  nerve  is  pxposed. 

The  folloviBg  are  the  areas  conimonly  anesthetized  bv  tbese  metbods:  (1) 
tbe  frontal  rcgion,  by  injection  of  the  aiipra-orbital  nerve  at  its  foramen;  (2) 
the  side  of  the  noše  and  cbeek  and  the  upper  lip,  by  injection  of  the  infra-orbital 
nerx'e  in  tbe  canal;  (3)  the  lower  jaw  and  tbe  rogion  of  the  chin,  by  injection 
nf  the  inferior  maxillary  nor\c  at  the  inferior  maxillarv  foramen;  (4)  the 
upper  exrremity,  bv  injection  of  the  brachial  plexii8  in  tbe  supraclavicular 
triangle,  or  in  tbe  axiI1ai  (fi)  tbe  liftle  finger.  bv  injection  of  the  ulnar  nerve 
bcfaiiid  the  intemal  condvle  of  the  liumerus;  (fi)  tbe  groin  and  acrotum,  by 
injection  of  the  ileo-inguinal  and  ileobypogaatri{;  nerves  during  berniotomy; 
(T)  the  !^  beIow  the  knee,  by  injection  of  tbe  great  sciatic  at  the  sacrosciatic 
notch;  (8)  the  outcr  sido  of  tbe  leg  and  doraum  of  the  foot,  by  injection  of  tho 
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extenial  poplitcal  nerve  in  the  popliteal  space  Ijing  parallel  to  tlie  tendon  of 
the  biceps. 

The  lees  coinmon  procedures  of  cranial,  spinal  nerve,  and  p]exu8  injection 
are  bevond  tlie  seope  of  this  articlc.  (See  Bra»n'8  monograph.)  Illnatrative 
of  these  procediires  is  Figure  8  and  the  following  description  of  brachial  plexua 
anesthesia. 

Brachial  Plezaš  Aneatheaia. — The  subclavian  arterj  is  palpated  above  tbe 
clavicle.    Extemal  to  and  above  the  artery  a  hypoderniic  needle  ia  inscrted  into 


Pia.  8. — Brachiai.  Plkkhb  ANBaTBBBU.  The  illustration  BhowB  the  poution  of  the  cords  ol  the  bra- 
chial plciuH  BB  thcy  PiDcrRe  from  bctween  tho  scaleni  munclea  irhore  they  are  punctured  in  tba 
postenor  ccrvical  triansio  aad  rendered  aneBthetic  and  non-oonductive  by  intranoural  infiltratioil. 

the  brachial  plexii8  as  the  nerve  trnnk  enierges  froni  bctween  the  scaleni 
mnscles.  Piinetnrc  and  injection  of  oaeh  nervo  tnink  give  immediate  pares- 
thoBia  over  the  arca  aupplied  by  that  trnnk.  Anosthesia  dcvolops  in  atmut  2 
mimites  and  graduallv  deopena.  If  the  nerve  tnmks  be  definitely  entered  a 
solution  of  y2  per  cent,  cocain  or  1  per  cent.  novocain  suiRces  as  an  anesthetic 
agent.    If  tlie  injection  be  perinenral  the  strcngth  shonld  bc  donbled. 

As  accidents  of  this  method  the  plenra  may  bc  pnnctured  with  Bubse^tient 
pleurisj',  or  the  dose  mav  be  injected  intravasciilarlv  with  general  intoxication. 
or  a  long-continned  neiiritis  mav  he  caiised.  A  eimilar  procedure  is  used  in 
anesthetizing  varions  branches  of  the  brachial  p1cxns  in  the  axilla  as  they  sui^ 
round  the  axil]nrv  arterv. 

Nearl,y  aH  nerve  trunks  have  sueh  ill-defined  surface  landmarks  that  direct 
injection  of  the  non-isnlated  tnink  is  not  feasible.  In  such  oase  one  haa 
recourse  to  perinenral  infiltration,  next  to  be  considered. 
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Reoional  Anestuesia  bt  Perineurai.  Infiltration 

A  nerve  trunk  traversiug  an  infiltrated  area  aljsorba  ancstbetic  from  the 
aurroimding  Ijinph  and  becomea  bloeked.  Wben  tbe  blood  flow  ia  active  the 
aDesthetic  may  be  wa8bed  awa.v  before  afFecting  the  iicrve  tnink,  hence  biockage 
by  perineural  infiltration  is  limited  preferablv  to  the  nervca  of  the  digits  and 
larger  extremitiea  which  can  be 
isolated  by  heraostatie  tourni- 
qiiet,  The  procedure  e!aewhere 
is  imcertain,  reqiiiring  a  dosage 
of  anesthetic  doiible  that  of  the 
preceding  iiietbod  ia  streiigtb. 

Whcn  possible  the  pnrt  is 
cxMangiiinated  b.v  gi'avity  and 
by  bundage,  aiid  seqnestratcd  bv 
elaetic  ligature  hb  for  iiitra- 
venous  anesthesia  (see  page 
70 ).  An  area  of  tissue  aboiit 
'^/2  in.  wide  ia  infiltrated  aeross 
ihe  path  of  the  nerve  nt  proper 
depth  to  batbe  the  nerve  tmnk. 
If  the  ancsthetic  be  siiceessfiili^ 
distributed  anesthesia  appeara 
over  Ihe  area  of  nerve  distribn- 
tion  in  aboiit  10  or  15  miniites 
and  persista  while  the  circiila- 
tion  of  tbe  blood  is  ent  off  and 
/or  15  minntes  or  more  aftei- 
circulation  is  rei'8tab[isbed. 

Special  Technio. — The  fitiger  is  the  area  most  commonIy  anesthetized  by 
perineural  iniiltralion.  Tbe  speeial  aiid  anatoniieal  featiirea  and  technic  are 
considered  in  diagram  and  legend  (Figa.  9,  10,  11).  The  operator  shoiild 
prooeed  only  with  a  clear  concoption  of  the  coiirse  and  anastomosia  of  the  3 


Pm.  10. — Nbrvbb  or  mm  Rxatn  Ikdcx  Fihaeii.  Showiiii(  Iho  courae  of  nervea  and  the  pisceroent 
of  ihe  »lulioa  to  obtain,  by  periaeurut  intUtration,  conduoUve  Mieetheaui  of  the  dUuU  poition 
of  tbe  Snger. 
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doraal  and  palmar  nerve  trunks  (aee  Fig.  10).    Then  by  following  the  general 

technic  given  above,  injiltrating  in  the  manner  illuetrated  in  Figure  11,  a  aatia- 

factorj  anestheaia  of  the  distal  phalanx  niay  usnallj  be  obtained  in  about  10 

minutes. 

The  entire  Jiaitd  may  be  similarlj  aneathetized.    The  hand  is  ex8angumated 

by  elevation,  and  rendered  ischemic  by  elaatic  ligature  in  the  middle  of  the 

foreanu.  The  nervea  are 
blocked  by  iniiltratiiig  round 
about  at  the  wri8t,  except  for 
a  space  over  the  dorsum, 
where  no  truDka  ezlst.  The 
bracelet  or  band  of  infiltra- 
tion  is  about  %  in.  vide  and 
is  placed  1  in.  above  the 
wriBt  First  the  akiu  and 
subcutaneous  tissue  are  anea- 
thetized, then  the  deeper  tia- 
aues,  special  čare  being  taken 
to  infiltrate:  first,  the  region 
traveraed  by  the  median 
nerve  where  it  lies  at  the  in- 
ner  aide  of  the  tendon  of  the 
palmaris  longue ;  second,  that 
of  the  ulnar  nerve  eKtemal 
to   the  flesor   carpi   ulnaria, 

lying  betwecn  this  muscie  and  the  ulnar  artery;  and,  third,  that  of  tbe  radial 

nerve  as  it  wind3  extemal  to  the  ahaft  of  the  radiiis  about  1^/^  in.  above  the 

8tyloid  process. 

The  arm  is  anesthetized  pre£erably  by  other  methods,  such  aa  brachial 

plexu8  infiltration,  or  better  yet  by  intravenous  anesthesia. 

The  foot  may  be  anesthetized  in  a  manner  similar  to  the  hand  by  a  band  of 

superficial  and  deep  infiltration  above  the  malleoli. 

Perineural  anestheaia  of  the  leaa  common  areas  of  operation  on  the  upper 

and  lower  extreiiiity  require8  a  special  knowledge  of  cutaneous  nerve  distribu- 

tion  and  surgical  approach  of  the  various  sen3ory  nerve  trunks  too  volumlnous 

for  this  work. 


Tia.  11. — Chobb-section  or  Fihoiir  THRODaB  Fihht  Poa.- 
IANX.  Showiii8  in  black  a  crosa-section  of  the  nervea,  illun- 
traled  in  Fi«.  10,  and  shoving  the  relative  podtion  of  inGI- 
trat«(l  tJHBUe,  indiosted  by  sllipticaJ  »heBls.  a,  The  volar 
tendon;  b,  the  bone;  a,  the  dorsal  tendon. 


Beoiohai.  Anestuesia  bt  Injectioit  into  the  MEDTJI.I.AET  Casal:  Sfinai. 
OE  Medullaet  Anesthesia 

Introdactioa. — Spinal  nerve  roota  whon  hatbcd  in  proper  anesthetic  solutioD 
cease  to  functionate.  Pain  impressions  from  the  lower  segmenta  of  tbe  body 
niay  thus  be  blocked  by  intrameningeal  injection  of  a  proper  doae  of  an  anes- 
thetic agent.    This  fact  was  first  demonstrated  by  Corning  with  cocain,  and  ita 
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practical  application  made  by  Bier.  With  the  recent  discoverj  of  agenta  less 
toxic  than  cocain  the  margin  of  safetj  in  the  method  has  increased  iintil  it  now 
has  become  a  routine  method  in  certain  clinics  for  operations  below  the 
diaphragm. 

Fh78iology.  — Following  intrameduUarj  injections  into  the  spinal  cavitj  the 
anesthetic  agent  difiFuses  itself  through  the  cerebrospinal  fluid  and  rapidlj  com- 
bines  with  ali  expo8ed  nerve  tissue,  which  it  deprives  of  condnctivitj.  The 
spinal  nerve  roots  are  most  afiFected,  the  cord  proper  less  so.  Within  a  few 
secbnds  sensations  of  paresthesia  appear.  In  about  2  minutes  pain  sense  is 
abolished  and  touch  sense  is  much  impaired  over  the  distribution  of  the  nerve 
roots  affected.  Motor  and  sympathic  paraljsis  follow,  reaching  their  height  in 
about  15  minutes.  The  sense  of  position  of  any  limb  affected  is  lost.  The  cord 
proper,  being  protected  by  the  pia  mater,  is  only  superficially  influeneed  by  the 
anesthetic  and  continuco  to  carry  nerve  impulse  to  and  from  distal  segments. 

Control  by  the  operator  as  to  the  area  to  be  anesthetized  and  the  degree  and 
duration  of  anesthesia  is  secured  by  proper  selection  of  drug  and  dosage,  by 
the  site  of  injection,  and  by  the  predetermined  course  of  distribution  of  the 
agent  injected.  The  distribution  is  controlled  by  having  the  agent  in  solution 
of  a  specific  gravity  either  distinctly  lighter,  so  as  to  rise,  or  distinctly  heavier, 
so  as  to  fall  in  the  cerebrospinal  fluid  surrounding  the  cord.  The  specific 
gravity  of  cerebrospinal  fluid  being  uniformly  between  1.0055  and  1.0065,  the 
solution  is  made  heavier  than  thia  by  lactose,  or  lighter  by  alcohol.  The  sacral, 
lumbar,  and  lower  dorsal  segments  are  those  usually  blocked,  securing  anesthesia 
below  the  level  of  the  nipple.  Following  such  blocking  the  following  physical 
signs  are  to  be  noted  in  addition  to  the  anesthesia : 

The  abdominal  walls  become  completely  relaxed  and  abdominal  breathing 
is  largely  abolished.  The  anal  sphincter  relases  and  the  contents  of  the  large 
intestine  escape  aided  by  active  peristalsis  of  the  entire  intestinal  tube,  which 
is  now  released  from  the  inhibitory  control  of  sympathic  nerves. 

CIBCtJLATlON.- — The  vasomotor  control  of  the  area  affected  is  lost.  The 
pulse  is  slow,  and  the  blood  pressure  falls,  proportionately  to  the  upward  ex- 
tension  and  intensity  of  the  anesthetic  action.  With  involvement  of  the  upper 
dorsal  segments  the  pulse  may  drop  to  40  or  30  per  minute  and  be  indistinguish- 
able  at  the  wrist. 

ITie  fall  in  blood  pressure  is  due  to  the  combined  action  of  vasomotor 
paralysis  in  the  lower  segments  of  the  cord,  to  the  limitation  of  respiratory 
movement,  and  to  unopposed  inhibitory  vagus  action  on  the  heart.  This  fall 
b^ns  soon  after  the  motor  paralysis,  reaches  its  height  in  about  15  minutes, 
and  slowly  passes  off. 

Untoward  depression  of  circulation  is  combated  by  adrenalin,  administered 
iBtravenouBly  in  normal  saline.  From  2  to  10  minims  of  the  adrenalin  solution 
is  added  to  each  6  oiinces  of  saline  infusion.  As  little  as  2  minims  may  be 
effeeti^e  or  as  mudb  as  70  maj  be  required. 

»nent  is  similarlj  inhibitod.    Abdominal 
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respiration  is  first  lost,  then  thoracic,  and  finally,  with  involvement  of  the 
phrenic  nerve  at  the  fourth  cervical  segment,  the  diaphragm  itself  becomes 
paraljzed.  The  respiratorj  motor  palsy  reaehes  its  height  in  from  15  to  20 
minutes,  and  may  last  for  several  hours. 

If  the  phrenic  nerve  be  involved  by  untoward  upward  eitension  of  the  anes- 
thetic,  life  may  be  sustained  by  artificial  respiration  until  the  nerve  recovers 
its  eonductivity.  But  without  adequate  artificial  respiration  or  with  additional 
involvement  of  the  floor  of  the  fourth  ventricle,  death  ensues. 

UTERU8. — The  uterine  muscle  retains  its  tone  and  contractile  power  but 
lacks  the  aid  of  voluntary  expulsive  forces  of  the  abdomen. 

SKIN.' — The  surf  ace  of  the  body  tends  toward  paleness  and  is  dry.  Heat  is 
lost  less  rapidly  in  this  method  of  anesthesia  by  radiation  and  evaporation  than 
in  the  suffusion  of  general  anesthesia. 

Limitations. — The  method  should  not  be  used  in  conditions  of  shock.  It  is 
applicable  with  safety  only  to  operations  below  the  level  of  the  nipple,  pref- 
erably  below  the  diaphragm.  To  extend  the  field  of  anesthesia  to  the  upper 
thoracic,  brachial,  and  cervical  regions  may  be  best  characterized  as  fool-hardy. 

The  method  should  be  adopted  only  after  a  thorough  training  in  the  tech- 
nic  of  injection  and  full  knowledge  of  the  phy8ics  and  physiology  involved. 

As  a  casual  method  by  the  inexperienced,  or  without  facility  for  artificial 
respiration,  the  method  is  much  more  dangerous  than  the  inexpert  administra- 
tion  of  general  anesthetics.  The  method  does  not  promise  to  replace  general 
anesthesia. 

Tltilitjr. — The  method  seems  to  some  observers  to  be  indicated  in  operations 
below  the  level  of  the  nipple  where  general  anesthesia  is  contra-indicated ;  also 
when  peculiar  skill  in  this  method  is  developed,  and  in  prison,  militarj,  and 
hospital  surgery,  where  for  local  reasons  facility  or  trained  skill  is  lacking  in 
methods  of  general  anesthesia. 

Apparatns. — The  best  syringe  is  of  the  Luer,  glass  type,  capacity  of  2  c  c. 
with  accurate  graduation. 

The  needle  should  be  a  special  lumbar  needle  of  iridium  platinum  7.5  cm. 
long  and  .1  cm.  thick.  It  should  be  provided  with  a  stylet  which  effectivelj 
closes  the  lumen,  so  that  it  may  not  become  clogged  in  its  introduction.  The 
needle  point  should  be  ground  on  a  short  bevel  of  not  over  .2  cm.  and  should  be 
keenly  edged.  The  8yringe  and  needle  should  be  boiled  only  in  pure  water  for 
15  minutes  before  using,  as  any  trace  of  alkali  mav  decompose  the  anesthetic. 
The  syringe  should  be  taken  from  the  water  stili  hot,  so  as  to  warm  the  anes- 
thetic solution. 

Preparation  of  the  Anesthetic  Agent. — The  agents  employed  in  order  of  effi- 
ciency  are  stovain,  tropacocain,  and  novocain. 

These  are  dissolved  in  water  and  sterilized.  The  solution  is  rendered  either 
distinctly  lighter,  or  much  heavier  than  the  cerebrospinal  fluid,  so  that  the  ronte 
of  diffusion,  which  occurs  slowly,  may  be  plotted  in  advance  and  the  poeitian  of 
the  patient  adjusted  accordingly. 
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The  solution  is  made  of  lighter  specific  gravitj  by  alcohol  and  heavier  by 
sugar  of  milk.  The  stovain  solution  must  be  acidified  to  avoid  precipitation  by 
the  alkaline  cerebrospinal  fluid. 

The  lighter  solutions  are  the  more  useful.  Even  for  eervical  analgesia  these 
may  be  employed,  injeeted  in  the  lumbar  region,  and  allowed  to  diffuse  upward. 

Solutions  Emploved  in  Spinal  Anesthesu  (Babcock) 

Light  Solutions: 

A.  Stovain    0.08  gm. 

Lactic  acid  0.04  c.  c. 

Absolute  alcohol  0.2  c.  c. 

Distilled  water    1.8  c.  c 

B.  Tropacocain    0.1    g^m. 

Absolute  alcohol    0.2    c.  c 

Distilled  water   1.8    c.  c. 

C.  Novocain     0.16  gm. 

Absolute  alcohol  0.2    c.  c. 

Distilled  water   1.8    c.  c. 

Heavy  Solutions: 

D.  Stovain    0.08  gm. 

Lactic  acid    0.04  c.  c. 

Milk-sugar    0.10  gm. 

Distilled  water,  to  make 2.      c.  c. 

These  solutions  are  conveniently  kept  in  ampules,  each  containing  2  c.  a  of 
solution.  They  should  be  prepared  under  aseptic  precautions  and  sterilized  by 
the  intermittent  method  and  at  temperatures  not  above  65°  C.  (149°  F.). 

Solutions  made  from  tablet  or  powder  carry  some  risk  of  infection.  There 
is  no  advantage,  except  to  alter  the  specific  gravity,  in  adding  to  the  solution 
adrenalin,  8trychnin,  glucose,  gelatin,  or  similar  substances. 

The  dose  for  the  adult  of  each  solution  is  from  1  to  1.5  c.  c,  the  larger  dose 
being  employed  only  for  robust  adults.  Of  these  solutions  that  of  stovain  is  the 
most  powerful  anesthetic  and  motor  paralvzant,  most  toxic,  most  actively 
heinolytic,  and  the  strongest  protoplasmic  poison.  If  not  acidulated  it  is  pre- 
cipitated  by  the  alkaline  cerebrospinal  fluid.    It  gives  excellent  anesthesia. 

Tropacocain  is  somewhat  less  active  as  an  anesthetic  and  is  considered  by 
some  to  have  fewer  untoward  effects.  Each  anesthetic  when  in  solution  may 
8how  variations  in  analgesic  power  and  in  toxic  action,  possiblv  due  to  imperfect 
sterilization,  to  by-products  not  eliminated  in  the  manuf acture,  or  as  a  result  of 
the  decomposing  effects  of  heat. 

Novocain  is  much  weaker  than  stova^^*  '  ''  by  cerebro- 

spinal fluid,  and  even  in  a  10  per  ic    The 

clinical  efficiency  and  clinical  vain. 

The  losa  of  the  sense  of  iitm 
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Babcock  prefers  solution  A,  injected  through  one  of  the  lower  dorsal  or 
upper  lumbar  interspaces.  This  fluid  diffuses  rather  Blowly  and  passes  toward 
the  head  or  the  sacrum,  according  to  the  posture  of  the  patient.  If,  for  example, 
the  injection  is  made  through  the  twelfth  dorsal  interspace,  and  the  patient  sits 
up  after  the  injection,  the  solution,  which  ascends  with  an  approximate  rapid- 
ity  of  about  10  cm.  per  minute,  will  usuallj  reach  the  lower  eervical  segments 
in  about  1  minute.  The  eervical  segments  will  be  involved  during  the  second 
minute,  and  if  the  patient  sits  up  over  2  minutes  some  involvement  of  the 
cranial  nerves  may  occur.  As  the  fluid  becomes  8omewhat  diluted  in  its  ascent, 
a  larger  dose  and,  therefore,  a  more  prolonged  eflFect  may  be  obtained.  with  less 
danger  of  high  motor  paralysis  than  when  the  higher  point  of  injection,  advo- 
cated  by  Jonnesco,  is  employed.  Anesthesia  involving  the  higher  segments  is 
not  so  certain  or  so  safe  as  that  involving  the  segments  below  the  level  of  the 
diaphragm. 

The  heavy  solution  is  used  only  where  it  is  desired  to  keep  the  head  elevated 
during  the  operation. 

Preparation  of  the  Patient. — Preferably,  the  stomach  and  colon  should  be 
empty  as  for  general  anesthesia. 

If  the  patient  be  nervous,  or  partial  general  narcosis  be  desired,  this  is 
secured  by  morphin  with  atropin  or  hyoscin.  These  drugs  must  be  adminis- 
tered  cautiou8ly,  and  are  best  avoided  in  those  patients  presenting  respiratorj 
obstruction  or  depression  from  grave  renal  disease,  and  in  conditions  of  grave 
toxemia.  The  usual  dosage  of  the  narcotic  for  a  robust  individual  is,  beginning 
one  hour  before  the  operation,  morphin  %  with  scopolamin  1/100  grain  given 
hypodermically.  Atropin,  grain  1/150,  may  be  substituted  for  the  scopolamin. 
Scopolamin  should  not  be  administered  in  the  young,  in  fact,  is  undesirable  up 
to  25  to  30  years  of  age.  After  20  minutes  if  no  narcotic  effect  is  evident  the 
dosage  is  repeated.  Occa8ionally  a  third  dose  must  be  given  to  secure  an 
obvious  narcotic  effect. 

The  field  of  spinal  puncture  is  swabbed  with  tincture  of  iodin,  which  is 
allowed  to  dry  and  is  then  washed  off  with  alcohol. 

Technic. — The  following  technic  of  injection  is  that  given  by  Babcock: 

"The  injection  may  be  made  either  with  the  patient  lying  on  the  side  or  sitting 
on  the  operating  table.  To  avoid  undesirable  diffusion  of  the  solution,  the  injection 
should  be  made  immediately  before  the  operation  and  preferably  on  the  operating 
table.  With  the  patient  on  the  side,  the  head  should  be  well  flexed  on  the  chest,  the 
thighH  on  the  aMomen,  so  as  to  arch  the  back  and  separatc  the  spinous  processes, 
the  patient  being  so  arranged  that  the  spine  is  not  rotated.  The  interspace  is  located 
by  a  towel,  the  edge  of  which  when  placed  on  the  iliac  crests  will  cross  the  fourth 
lumbar  spine  or  interspace;  or  the  interspace  may  be  located  by  selecting  the  inter- 
space opposite  the  angle  formed  by  the  last  rib  and  the  erector  spins  muscle;  this 
is  the  first  lumbar. 

"The  injection  should  be  made  about  opposite  the  upper  level  of  the  field  of  opera- 
tion, that  is,  through  the  twelfth  dorsal  or  first  lumbar  interspace  for  upper  abdominal 
work,  and  the  second  lumbar  interspace  for  operations  on  the  lower  abdomen  or  legs. 
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The  needle  sliould  be  eiitfred  cloae  to  the  midline  abotit  the  center  of  tlie  interapaoe 

ftnd  Bt  rigiit  niiglea  to  the  aurface  of  the  boJy,  and  it  should  be  introducetl  uiitil  the 

resistouce  of  the  ligamentum  Bubflaviim  ia  felt.     In  the  nthletic  this  iniiy  hftve  an 

kliucist  cartila^inoua  eonaiateniTj-,  and  the  sensation  imparted  ii3ua]!y  tndicates  that 

thv  proper  direction  of  tbe  needle  ia  being  maintained.     If  the  needle  eucountere 

oiily  looae,  non-reBistaiit  tisaue  it  is  probable  that  it  bas  deviated  too  far  to  the  side, 

and  it  should  be  withdrawn  and  reintroduced  with  more  accurate  orientatiou.     Tbe 

stjlet  ia  now  withdrawn.  and  the  needle  ie  cautiou8ly  pushed  fomrard  with  ahort, 

<luick  strokca  a  few  millimeters  nt  a  tirne,    The  Iobb  of  reaiatanoe  as  the  needle  eiiters 

tli«  ti»sue  about  tbe  dura  ia  noted,  and  then  the  tilii;bt  reeietance  accompanied  by  n 

p«Tceptible  and  souietiniea  audible  enap  as  the  tense  dura  is  punctured.     The  needle 

is  mutioiialj  rotated  to  make  sure  that  the  point  is  entirelj  ivitbin  the  eavity  of  the 

•niehnoid.     Cercbrospinal  fluid  should  now  drop  from  tbe  needle;  if  it  doea  not,  the 

lumeii  of  the  needle  ehould  be  cleared  by  the  uae  of  the  stylet,  or  the  needle  sbould 

I*  »10  adjiiBted  tliHt  the  fluid  will  run  freely;  othorwise  satisfat-tor.v  anal|icsia  necd  not 

tff  eipeeted-    Tbe  usiial  errora  are  to  ineline  tbe  needle  upward  or  lateratl.v  in  tbe  intro- 

rliou.     The  qu8ntity  of  cerebrospinal  fluid  pemiitted  to  escape  should  be  about 

thatof  tbe  solution  to  be  injected.    If  tbe  needle  deviates  to  the  aide  a  nerve  root  niay 

bo    touched,  producing  a  lightning-like  pain  uBually  radiating  dovm  the  leg.     If  tbis 

»(-•Tiirs  the  needle  sbould  be  ininiediately  withdrawii  and  reintrodueed.     Puncture  of 

tli,ie  uird  produeea  no  sensation,  and,  vhile  it  is  to  be  avoided,  it  is  TelatiTely  harmless. 

"Thp  Byringe  charged  with  the  aneathetic  solution  is  affixed  to  the  needle  and  free 

c»>»«iniiiuieation  with  the  arachnoid  again  proved  by  gently  witbdrawiiig  the  piaton, 

Tl>e  nijiture  is  uow  cautiouely  injected  and  the  needle  quickly  withdrawn.     Apart 

tr*->tn  plaeing  a  sterile  towel  on  the  patient,  the  point  of  puncture  requires  no  dressing. 

If    a  light  anesthetie  aolution  be  uaed  the  head  and  Bhoulders  of  the  patient  must  be 

iiistau[]y  lowered  and  maintained  below  the  level  of  the  dorsolumbar  region  for  balf 

■*>   liour  flfter  the  injeetion.     If  a  heav7  aolution  be  employed  the  ahoulders  and  head 

tuuHt  lie  kept  elevated  for  a  corresponding  period  of  time.     Improper  movement  of 

"'e  palifiit  and  lauk  of  theae  precautiona  are  responsible  for  many  of  the  aecidenta 

"'  spin  al  Hiiestheaia. 

"Nauaea,  pallor,  or  marked  lowering  of  the  pulee  tenaion  usually  indicate  that 

'ne  anesthetic  ia  reaching  too  high  a  level,  and  the  position  of  the  patient  should  be 

iMrthor  modified  to  keep  the  aneathetic  aolution  in  the  lower  part  of  the  spinal  canal. 

"The  analgesia  should  develop  within  two  or  three  miniitea.    To  avoid  suggeation, 

"*"  pntient  should  never  be  asked  as  to  aensations  of  pain,  bul  the  analgesia  de- 

^^''ttiiiied  by  wntehing  the  faee  as  the  skin  ia  pinched.    If  no  analgeaia  ia  present  in 

'   "*  Oiinutes,  the  inje<rtion  should  be  repeated,  using  the  aame  dosage,   and  perhaps 

••■'^rting  another  interapace.     I.ack  of  ane«tbeaia  may  follow  from  the  uae  of  imper- 

i*ct  Bolutione,  faihire  to  introduce  the  needle  properly.  and  leakage  of  the  solution 

(■Utait)(>  of  t)ie  arachnoid.     Tbe  analgesia   gradually  disappeara   without   impleaaant 

**iismion,  from  above  downward  in  from  forty-five  to  ninety  minutea,     If  not  contra- 

'tiiipaled  by  the  operation,  sipa  of  water  or  bita  of  iee  niay  be  administered  while 

""'  patient  is  on  tbe  operating  table.    If  tbe  analgesia  is  inefScient  and  too  traosient, 

tlii-Tc  is  no  objeotion  to  the  associated  administration  of  ether," 


Reoional  Anesthebia  bv  Inthavenods  Injection 

Tbis  niethod  wa8  introduced  bv  Bier  in  1909,  It  waB  desig^ied  for  the  piir- 
poae  of  aiiesthetizitig  rapidl,v  and  compIetely  ali  struetiires,  ovon  tho  bones  aiid 
joiatB,  of  a  piven  sepiient  of  an  cxtreinity.  Anesibesia  is  induced  en  hhc  bv 
filliog  the  venous  cbannels  of  tbiit  segment  with  a  considerable  hulk  of  saline  in 


70  SURGTCAL    ANESTFIESFA  . 

which  the  agent  is  dissolvod.  The  area  to  be  anosthetized  miist  be  one  from 
which  the  blood  can  be  emptied  and  shut  off,  hence  this  method  is  applicable 
only  to  the  hand  and  foot,  or  to  any  «:iven  segment  of  a  limb,  sueh  as  the  region 
of  elbow  or  knee. 

Technic. — The  part  is  depleted  of  blood,  first,  by  elevation,  seeond,  by 
applymg  with  tension  a  flat  nibber  bandage  8pirally  from  the  extremity  of  the 
limb  proximally.  The  ingress  of  fresh  blood  is  blocked  by  so  adjusting  the 
bandage  as  to  check  the  arterial  pnlse.  A  good  substitnte  for  a  flat  band  to 
cut  off  the  pnlse  is  a  pnenmatic  cuff  such  as  is  used  for  determination  of  blood 
pressure.  The  extremity  first  being  emptied  of  blood  by  elevation  and  bandage, 
the  cuff  is  inflated  by  a  small  bicycle  pump  to  a  pressure  about  50  mm.  abovc 
the  blood  pressure,  usually  to  200  mm.  or  4  poimds  of  pressure. 

A  vein,  the  location  of  which  has  becn  previously  marked,  is  now  cxposed 
under  infiltration  anesthesia  and  a  cannula  introduced  as  for  saline  infusion. 

The  best  agent  in  this  method  of  anesthesia  is  iiovocain  in  dosage  averaging 
0.5  gram  for  the  adnlt.  For  injoetion  of  the  hand  or  elbow  this  is  dissolved  in 
50  C.  v.  of  saline,  and  for  tho  foot  and  knee  in  70  to  100  c.  c.  of  saline.  This 
amoimt  of  fluid  insures  thorough  distribution  to  the  entire  part.  If  an  ex- 
tremity  is  to  be  amputated,  then  novocain  up  to  2  grams  in  200  c.  c.  of  saline 
is  employed,  since  the  overdose  becomes  combined  in  the  amputated  part  and 
cannot  reenter  the  circulation  on  removal  of  the  hemostatic  band.  (See  also 
Contra-indications  to  Surgical  Operations.) 

Over  the  sequestrated  area  anesthesia  appears  within  5  minutes^  becomes 
complete  within  15  minutes,  and  lasts  as  long  as  the  part  is  kept  ischemic,  and 
usuallv  continues  about  15  minutes  after  the  circulation  is  reestablished.  If 
the  prcliminarv  evacuation  of  the  blood  has  been  incomplete,  this  will  gather 
at  remote  points,  such  as  the  finger  tip,  and  result  in  non-anesthetized  areas. 
rormerly  the  veins  were  flushed  with  normal  saline  before  reestablishing  the 
circulation,  but  this  has  been  abandoned  as  of  no  utility,  since  the  toxic  anes- 
thetic  has  already  entered  into  such  imion  with  the  tissue  that  it  will  not  re- 
dissolve  in  normal  saline.  The  hemostatic  bandage  should  be  removed  before 
starting  suture  to  flush  out  the  novocain  and  catch  the  bleeding  points.  It  is 
imsafe  to  keep  the  part  ischemic  for  more  than  40  minutes,  for  the  life  of  the 
muscle  cells  and  other  highly  organized  structures  may  otherwise  be  perma- 
nently  destroyed. 

Regional  Anesthesia  by  Intra-aeterial  Injection 

In  this  method  the  anesthetic  agent  is  distributed  over  the  area  supplied  by 
a  given  artery,  by  injecting  the  agent  from  a  syringe  into  the  lumen  of  the 
arterv. 

Technic. — The  distal  part  is  exsanguinated  by  elevation  and  bandage  as 
for  intravenous  anesthesia.  The  arterial  pulse  is  cut  off  by  proximaI  constric- 
tion.    The  artery  is  exposed  under  infiltration  anesthesia  and  into  the  lumen  is 
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» jeeted,  \>y  fine  hvpodermic  sjringe,  froin  5  to  10  c.  c.  of  a  1  por  cent.  solution 
F  novot-aiu.  The  proxima!  constriction  is  then  releaaed,  allowing  a  gentle 
■ickie  of  bloitd  to  wa8h  the  aiieathetic  saline  solution  to  that  region  Biipplied  by 


tik«  artcrj'.     The  band  is  then  tightened  until  anesthesia  appears.    The  method, 
Mrl^ile  usiug  lesB  anesthetic  thau  the  intravenoua,  is  not  so  reliable  in  anesthetic 

o-fiFert. 


Simple  local  anesthesia  and  local  anesthesia  as  an  adjavant  to  light  general 
^»-^rcoBis  have  onquestionably  a  field  of  utility  in  major  and  minor  surgery.  Ocea- 
ni OMlty  locai  anesthesia  has  decided  advantage  over  methoda  of  general  aneatbesia. 
^"^tthe  enthusiasts  in  this  method,  in  an  endeavor  to  retain  the  consciousnesa  of  an 
'*X>«Tated  čase,  and  to  avoid  the  dangers  and  sequelee  of  general  anesthesia — which 
»»■im  largely  from  tmproper  admiaistration — have  overstepped  the  bonnds  of 
r^fiion,  by  snbjecting  the  patient  to  the  psychic  shook  of  consoiousness  of  the  opera- 
'•■'Ve  procedures,  to  neuroses  from  nerve  strains,  to  postoperative  cardiovascular 
'**^in  and  insuffioienoy  far  beyond  that  of  general  anesthetization,  and  finally  in 
^^31oasly  disregarding  the  protesta  of  the  phyaically  and  psychically  restrained 
P^titnt.  By  theae  forced  methods  of  local  anesthesia  the  atterapt  is  made  to  accom- 
I*liih  practical]y  without  anesthesia,  operative  procedure  in  wayB  corrent  before 
^*»«  dayB  of  modern  anesthesia  nnder  the  gnise  of  safety  and  efflciency Sub- 

*^'WlltU  TU  UY  TilK  EuiTDli. 


OENIiRAL  ANESTHESIA 

Oencral  ancathesia  Ji\ay  \ni  sceiired  hy  severni  tiruga  which  aiispend  for  a 
'ime  tiie  activit,y  of  the  neurona  of  the  central  nervous  s.VHtem,  bejjiiining  with 
Ibe  bighcet.  These  drugs  iuhibit,  firat,  reason,  judgment,  and  will;  then  con- 
Kionsneaa;   then  the  eortical   motor  and  8enaory   activities;   then  the   reflcx 
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activitj  of  the  basal  and  spinal  centers.  Finally,  onlj  the  action  of  the  great 
inedullary  and  sympathetic  centers  which  maintain  the  functions  of  the  body 
necessarv  to  life  is  left  active.  The  function  of  these  centers  is  impaired,  as  are 
in  less  degree  the  general  cellnlar  function  and  activitj  of  ali  the  more  lowly 
organized  body  tissues. 

THEOBY    OF    OEMSBAIa   ANESTHESIA 

The  general  anesthetics  used  in  surgerj  are  hydrocarbons,  aH  except  nitrous 
oxid,  having  the  common  property  of  being  active  solvents  of  fat  and  fat-like 
bodies.  These  hydrocarbons  belong  to  that  group  of  neutral  or  indifferent  sub- 
stanccs  which  dissolve  in  living  protoplasm  without  forming  fized  union  with 
the  receptors  of  the  celi  as  do  foods  and  basic  and  acid  poisons.  The  anes- 
thetics enter  and  leave  the  celi  freely  and  unchanged;  the  amount  that  the 
celi  holds  at  any  given  moment  being  govemed  entirely  by  the  laws  of  diffusion, 
of  vapor  tension,  and  by  the  8olubility  of  the  given  chemical  in  the  watery,  f atty, 
and  other  elements  of  the  celi. 

Of  the  many  hydrocarl)ons  that  are  anesthetic  only  those  are  adapted  to 
surgical  anesthesia  which  combine  the  requisite  physical  properties  of  volatiliza- 
tion,  diflFusion,  and  capacity  to  dissolve  fats,  with  a  toxic  action  on  animal  proto- 
plasm so  slight  as  to  be  unimportant. 

The  Hans  Meyers  hypothesis  of  the  anesthetic  action  of  these  drugs,  as 
elaborated  and  established  by  Overton  and  Meyers,  may  be  stunmarized  as 
f ollows : 

1.  Ali  cheDiically  indifferent  substances  which  are  solvent  of  fats  and  lipoids 
are  nareotic  to  animal  protoplasm  in  so  far  as  they  can  reach  it  by  diffusion. 

2.  Anesthetization  is  established  more  rapidly  and  in  greater  degree  in  those 
cells  into  the  structure  and  funetional  activity  of  whieh  the  lipoids  most  exten8iYely 
enter,  namelj,  the  nerve  cells. 

3.  The  efficiency  of  these  different  narcotics  is  dependent  on  the  relativc  phy8ical 
affiiiity  of  the  nareotic  for  the  lipoids  on  the  one  hand,  and  for  the  other  solvent 
media  of  the  living  body  on  the  other  hand,  the  bulk  of  which  is  water. 

4.  The  efficiency  is  directly  as  the  partition  coefficient  of  the  chemical  between 
solution  in  oil  and  in  water.  This  is  obtained  by  dividing  the  amount  which  remains 
dissolved  in  oil  by  the  amount  which  diffuses  to  an  equal  volume  of  water  to  estab- 
lish  a  balanced  vapor  tension. 

Of  the  many  thousand  chemicals  of  this  group  which  possess  anesthetic 
properties,  onlv  three  are  generally  recognized  as  possessing  proper  phy8ical 
qualities  of  volatilization,  diflFusion,  and  solubility  of  lipoids,  combined  with  a 
low  or  negligible  toxicity  toward  animal  protoplasm.  These  are  ether,  chloro- 
form,  and  ethyl  chlorid. 


Introduction.  — Of  the  various  hydrocarbon  series,  that  radical  is  found  in 
actual  practice  to  be  the  least  toxic  toward  which  animal  protoplasm  has  been 
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longest  adapted.  The  ethyl  radical  in  the  form  of  alcohol  has  been  a  normal 
constituent  of  animal  food  since  the  day  the  first  ameba  lived  in  stagnant  swamp 
water.  Animal  protoplasm  has  alway8  had  to  deal  with  the  lipoid  solvent  action 
of  the  ethyl  group. 

Of  this  group,  ethyl  oxid  (di-ethylic  ether)  exerts  the  most  clearly  defined 
and  most  readily  controlled  action.  It  is  inherently  the  saf est  of  ali  efficient  an- 
esthetics.  Formerly  the  results  of  maladministration  were  confused  with  the 
physiological  action  of  ether,  but  with  the  newer  methods  of  administration  and 
the  revision  of  older  methods,  and  appreciation  by  the  surgeon  of  the  necessity 
of  gentle  manipulation  of  tissues,  ether  has  become  more  universally  recognized 
as  the  safest  and  most  generally  usef ul  anesthetic. 

FhTsical  Properties  of  Ether. — Ether  is  a  elear,  volatile  liquid  of  pungent 
taste  and  odor.  It  is  lighter  than  water  (specific  gravity,  .716)  and  boils  at 
below  l)ody  temperature  (at  35.5°  C). 

The  vapor  tension  at  room  temperature  is  about  460  mm.,  yielding,  when 
saturated  in  air,  60  per  cent.  by  volume  of  ether  vapor,  or  80  per  cent.  by 
weight.  The  vapor  is  2^4  times  heavier  than  air,  and  until  it  becomes  diffused 
it  flows  downward  in  air  like  water.    It  is  highly  inflammable. 

On  prolonged  exposure  to  light  or  air  ether  gradu  ally  develops  aldehyds 
and  other  more  irritating  decomposition  products.  The  U.  S.  P.  allows  a  small 
percentage  of  alcohol  as  a  preservative. 

Phtsiological  Action  of  Etheb 

Local  Anesthetic  Action. — When  exposed  to  the  air,  as  on  the  skin,  ether  is 
a  refrigerant  by  rapid  volatilization.  The  caloric  loss  in  vaporization  is  onlv 
about  1/6  that  of  water,  but  the  vaporization  goes  on  rapidly  at  such  low  tem- 
perature ( — 20°  C.)  that  ether  is  available  as  a  refrigerant  local  anesthetic. 
Ether  inhibits  by  direct  action  the  sensory  and  motor  nerve  endings,  bcing  a 
weak  local  anesthetic  and  relaxant  of  voluntary  muscle. 

Irritant  Action  of  Ether  on  Skin,  Hacous  and  Serous  Surfaces. — Ether  pro- 
duces  a  sense  of  intense  smarting  on  thin  skin,  such  as  that  of  the  scrotum,  and 
on  mucous  membranes,  but  incites  no  lasting  inflammatory  reaction.  On  the 
conjimctiva  liquid  ether  causes  inflammation  only  when  held  long  in  contact. 
The  so-called  "ether  eye"  is  usually  of  traumatic  or  infective  origin.  In  the 
gastro-intestinal  tract  liquid  ether  produces  a  sense  of  warmth  and  tenesmus. 
Ether,  75  per  cent.  in  oil,  produces  in  the  colon  slight  imraediate  stimulation, 
but  exerts  no  lasting  irritation  or  inflammation.  On  the  peritoneum  and  other 
serous  surfaces  Hquid  ether  induces  neither  acute  inflammation  nor  adhesions. 
In  the  respiratorv  tract  ether  vapor  in  therapeutic  dosage  is  a  mild  stimulant. 
At  a  vapor  pressure  of  30  mm.,  i.  e.,  4  per  cent.  bv  volume  or  10  per  cent.  by 
weight  of  ether  to  air  at  sea  level,  ether  vapor  has  so  little  pungencv  as  to  be 
flcarcely  noticed  except  for  odor.  Six  per  cent.  by  volume  exerts  slight  stimula- 
tion on  the  larynx.     (This  is  tlie  mixture  with  which  full  surgical  anesthesia 
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fina]ly  becomes  established  and  may  be  maintained  for  many  bours.)  On  first 
inhaling  the  vapor  mixture  7  per  cent.  causes  coughing,  but  soon  becomes  un- 
noticed.  From  this  percentage  upward  the  vapor  grow8  more  stimulating.  At 
9  per  cent.  a  congh  is  scarcely  to  be  restrained  on  first  inhaling  the  vapor,  and 
higher  percentages  canse  secretion  of  mucus,  particularlj  in  the  light  stages  of 
anesthesia.  Fullv  conscious,  man  cannot  breathe  stronger  vapor  without  a  sense 
of  strangulation,  except  by  gradually  accustoming  the  mucous  membrane  to  the 
vapor.  With  the  gradual  onset  of  general  anesthesia  the  vapor  may  be  increaaed 
to  abont  25  per  cent.  by  volume,  or  a  partial  vapor  pressure  of  190  mm.,  without 
evidence  of  larjTigeal  or  bronchial  irritation  other  than  slight  exce88  of  muoous 
secretion.  This  is  the  strongest  vapor  required  for  induction  of  anesthesia. 
Vapor  above  25  per  cent.  by  volume  up  to  60  per  cent.  (i.  e.,  saturation)  exerts 
an  asphyxial  effect  and  may  rapidly  overpower  the  respiratory  center,  yet  even 
in  this  strength  there  is  no  lasting  irritation  in  the  re8piratory  tract. 

Effects  of  Ether  on  Body  Fnnction. — BESPIRATION. — Ether  increases  the 
depth  and  frequency  of  re8piratory  moveraent  up  to  the  stage  of  deep  surgical 
anesthesia.  On  overdosage  gradually  the  respiratory  center  succumbs,  the 
respiration  grows  more  and  more  shallow,  finally  its  rate  decreases,  and  the 
patient  mav  die  of  respiratorv  failure. 

HEART  ACTION. — The  heart  is  stimulated  in  force  and  frequency.  The  rate 
is  increased  10  to  20  beats  per  minute.  With  any  re8piratory  in8ufficiency  the 
rate  rises  and  the  force  is  diminishcd.  The  heart  succumbs  to  overdosage  some 
minutes  after  the  respiratory  center.  But  with  artificial  respiration  by  insuffla- 
tion,  the  heart  beat  may  continue  for  an  hour  or  more  on  dosage  which  bas 
caused  cessation  of  respiratorv  movement. 

BLOOD  PRESSURE. — The  blood  pressure  rises  about  20  mm.  in  the  initial 
stage  of  anesthesia,  then  slowly  drops,  reaching  the  normal  in  1  or  2  hours. 
Embarrassment  of  respiration  by  blockage  of  the  upper  air  passage,  also  the 
traimia  of  an  operative  procedure  improperlv  correlated  to  the  depth  of  anes- 
thesia, cause  a  transitorv  rise,  followed  by  a  sharp  fall  of  blood  pressure. 
Chilling,  loss  of  blood,  and  overdosage  of  anesthetic  cause  a  progressive  fall  of 
blood  pressure  during  ether  anesthesia.  From  overdosage  of  ether  the  pressure 
almost  completelv  regains  the  original  level  within  5  to  10  minutes  after  the 
exce8sive  dosage  ceases.  The  fall  of  pressure  from  trauma,  hemorrhage  and 
chilling  is  regaincd  miieh  more  slowly.  From  these  depressants,  the  blood 
pressure  is  sustained  far  l>etter  uiuler  ether  than  under  chloroform,  though  not 
so  well  as  under  nitrous  oxid. 

8ENS0RIUM. — Ether  like  alcohol  affects  first  the  most  highly  coordinated 
senses.  First,  reason,  judgment  and  will  are  suspended,  and  the  patient  be- 
comes exhilarated  and  excited.  ^luch  of  this  excitation  is  due  to  the  local  stimu- 
lation  of  ether  in  the  respiratorv  tract.  The  pure  ether  eflFect,  as  seen  in  in- 
travenous  injection  of  the  dose,  is  induction  of  narcosis  with  very  little  excite- 
ment.  A  certain  degree  of  general  analgesia  is  induced  even  before  conscious- 
ness  is  lost. 
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Next  in  order,  consciousness  is  suspended  and  the  patient  passes  into  a 
subconscious  or  aiitomatic  state,  wherein  he  is  amenable  to  suggestion.  The 
auditorj,  tactile  and  nmscular  senses  continue  for  a  time.  Slight  to  violent 
subconscious  excitement  is  passed  through,  dependent  on  the  resistance  of  the 
individual  toward  the  ethyl  radical  and  the  extemal  impressions  which  the 
siibconscious  patient  receives. 

Next  in  order,  the  lower  centers  are  inhibited  so  that  anditorj  impressions, 
tactile  and  muscular  sense,  and  aH  motion  except  the  reflexes  are  suspended. 
The  entire  cortical  function  is  now  abolished  and  the  deepening  anesthesia  con- 
tinues  progressivelj  to  desensitize  the  basal  and  spinal  centers  down  to  the  great 
primitive  vital  centers  in  the  medulla. 

£xcretion  of  Ether. — Ether  is  chieflj  excreted  by  physical  diffusion  into  the 
alveolar  air,  a  small  amount  is  oxidized  in  the  body.  Owing  to  the  physical 
affinity  for  fat,  the  fats  and  lipoids  tenaciously  hold  a  trace  of  ether  so  that 
excretion  continues  on  the  breath  for  as  long  as  36  hours. 

Clinical  Course  of  Ether  Anesthesia 

Fini  Stage  or  the  Stage  of  Conscioas  Exciteinent :  The  Period  of  Cortical  Bis- 
aflsociation. — This  stage  begins  with  the  first  respiratory  stimulus  of  the 
pungent  rather  disagreeable  odor  of  ether.  If  this  odor  be  masked  by  oil  of 
orange  and  the  administration  be  gradually  and  cautiously  increased,  there  is 
little  noticeable  respiratory  irritation.  With  rapid  administration  there  is  a 
sense  of  suffocation,  repeated  closure  of  the  glottis,  holding  of  the  breath, 
cough,  and  repeated  swallowing. 

Soon  the  respiration  becomes  rhythmical  and  deeper  and  quicker  than 
normal,  and  the  skin  is  slightly  flushed  and  the  pulse  accelerated.  The  patient 
becomes  mentally  confused  and  verbal  response  becomes  progressively  more 
incoherent.  By  proper  suggestion  on  the  part  of  the  anesthetist,  the  patient 
remains  quiet  and  reassured.  Disturbances  of  the  special  senses  are  common. 
Ali  skin  reactions  are  present.  The  pupil  is  dilated  and  mobile.  Loss  of  con- 
sciousness takes  plače  abruptly,  usually  in  about  2  minutes. 

Second  Stage  or  the  Stage  of  Involuntarj  £xciteinent:  The  Period  of  Sub- 
conscious Bisassociation. — Memory  and  intelligent  volition  are  lost.  The  pa- 
tient responds  to  the  stimulation  of  extemal  environment.  If  the  ether  be 
crowded  the  breath  is  held  and  respiration  becomes  thereafter  irregular. 
Laughing,  shouting,  and  struggling  may  be  met  with,  usually  in  those  patients 
who  from  alcoholic  or  other  narcotic  habits  have  acquired  such  association  with 
this  stage  of  anesthesia. 

This  involuntary  excitement  may  be  much  diminished  by  proper  suggestion 
by  the  anesthetist  through  the  auditory  center.  If  restraint  be  necessary,  this 
is  first  exercised  by  full-toned  verbal  suggestion,  for  cxample,  that  the  patient 
cannot  move,  later  by  phy8ically  misdirecting  any  phvsical  effort  of  the  sub- 
conscious patient.     Rarely  is  direct  force  needed  to  oppose  those  efforts  which 
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thc  patient  maj  make  to  cscape  f rom  the  subconscious  hallucinations  of  this 
stage. 

The  pupil  continues  mobile,  tends  to  be  large  and  may  be  irregular.    The 
voluntarj  muscles  are  held  stiffly,  occasionally  in  tonic  spasm  or  in  clonic 
tremor.     The  secretion  of  tears,  mucus  and  šaliva  is  stimulated.     The  skin 
grows  more  flushed  and  moistened  with  perspiration.     Breathing  tends  to  be- 
come  irregular  from  snch  obstruetion  as  clenching  of  the  jaw,  movements  oi 
the  tongne  and  of  the  pharynx  in  repeated  acts  of  swallowing,  also  by  stiffeu- 
ing  of  the  general  musculatnre.    Then  comes  a  gradually  increasing  stertor,  tbe 
muscles  relax,  the  breathing  becomes  regular.     Those  paths  from  the  subcoxx- 
scious  mind  which  may  stimulate  or  inhibit  the  medullary  and  spinal  center« 
are  broken,  and  the  patient  passes  into  the  third  stage  of  anesthesia. 

Third  Stage  or  Stage  of  Surgioal  Anesthesia :  The  Period  of  Basal  and  Spia 
Bisassociation. — ^With  the  onset  of  stertor  and  the  simultaneous  general  mu8C"ix 
lar  relaxation,  the  stage  for  surgical  operation  has  been  reached.  This  requir'0 
usually  in  the  average  adult  not  less  than  8  minutes.  The  more  8moothly  an. 
quietly  anesthesia  has  been  induced  the  better  the  subsequent  status  of  anos- 
thesia.  Gradually  the  superficial  reflexes  have  been  abolished,  the  comea 
comes  insensitive.  The  pupil  is  usually  moderately  dilated,  is  sluggish  or  i 
mobile  in  reaction  to  light.  The  respirations  are  usually  about  30  to  40 
minute  and  of  increased  amplitude.  Soft  stertor  of  the  relaxed  pharynge 
structures  is  constantly  to  be  heard,  unless  the  upper  airway  be  kept  eflFectively 
open  by  extending  the  head  and  carrying  the  jaw  forward.  Marked  stertor 
should  never  be  allowed. 

When  operative  trauma  is  occasioned  on  some  richly  endowed  sympathe'fci^ 
area  the  respiration  grows  rapid,  forceful  and  noisy.  This  is  always  an  ind^"" 
cation  that  the  depth  of  anesthesia  is  too  light  for  that  particular  trauma,  axx<i 
the  trauma  should  be  immediately  suspended  and  the  anesthesia  should 
deepened. 

The  circulation  is  not  impaired  in  this  stage  by  the  anesthetic.    In  fact, 
several  hours  the  pulse  is  of  slightly  increased  or  of  normal  force.     The  pu 
grows  more  rapid  and  feeble,  first  and  foremost  from  embarrassed  respiratio''^ 
and  partial  a8pliyxia,  usually  from  obstruetion  in  the  oral  nasopharyngeal  p 
tion  of  the  airway ;  second,  after  an  initial  stage  of  excitation,  by  those  ope 
ti  ve  stimuli  which  cause  the  foregoing  respiratory  increase.     These  stimi^'* 
may  be  effcctually  blocked  by  proper  depth  of  anesthesia.    Therefore,  the  an.^^' 
thetist  must  know  the  tissues  and  operative  procedure  which  give  rise  to  th^^^ 
trauma  stimuli  and  gauge  the  required  depth  of  the  anesthesia  accordingl^- 
Another  factor  in  the  dcpression  of  the  circulation  is  exposure  of  the  body  t(7 
refrigeration  by  surface  evaporation.     To  this  the  patient  underfull  anesthesia 
is  particularly  liablc  because  of  the  flushed  moist  skin.     The  last  factor,  and 
the  one  of  prime  importance,  is  hemorrhage,  the  prevention  of  which  is  not  in 
the  province  of  thc  anesthetist. 

Through  this  stage  the  one  best  giiide  of  the  depth  of  anesthesia  is  the 
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Ireathing.  Administration  of  ether  should  bo  contiiiuoiia  but  graded  accord- 
mg  to  the  DeceBsity,  If  on  minimal  doaage  the  breatbing  becouies  ahallov  with 
Bu  occaaional  deep  breath,  tbe  patient  is  dropping  into  the  suboonscioua  zone, 
and  in  a  moment  will  reach  the  level  of  the  vomiting  center. 

If  on  full  dosage  the  breatbing  ia  becoming  8hallow,  especial]y  if  accom- 

>anied  by  sliglit  cvanosis.  the  patient  is  being  over-nnesthetized,     Anv  marked 

^apoiise  of   respiration   and   piilse  to  the  momentarv   stimiilus  of  operative 

tfiuma  indicates  too  ligbt  a  degrco  of  anestheaia.     Unlcas  aspb_vxia  enters  aa  a 

feictor,  the  marpn  of  safetv  uiider  ether  ia  very  wide  in  thia  stage. 

The  entire  progress  of  administration  ma.v  be  governed  by  the  quality  of 
r^tspiration  and  the  color  of  the  skin  and  miicoua  membranes,  The  pulse,  the 
comeal  reflex  and  reaction  of  the  pupil  are  aecondary  guidcs.  In  the  deep 
»"t^ige  the  coniea  ia  insensitive.  For  lighter  degreea  of  aneatheaia  the  reflex 
c«>ntractnre  of  the  palpebral  muscloa  is  elicited  on  ligbtly  tonching  the  comea 
^vi  th  the  finger  tip.  In  the  aiibconsciona  zone  stroking  the  edge  of  the  upper  lid 
sx.iiEces  to  elicil  the  above  taraal  reflex.  In  the  ligbt  aubconacioua  zone  tbe 
in^istulatiire  of  the  othcr  evelid  alao  reacts  and  the  level  of  vomiting  center  bas 
l>^*«ii  imblocked.  These  rcfleses  tire  oiit  easilj  and  should  not  be  called  into 
rejieated  sction  bv  the  aneatbetiat. 

I  lonrth  Stage  or  Stage  of  Overdosag'« :    The  Period  of  MeduUarjr  DiuMOciation. 

In  this  stage  the  great  vital  centers  which  in  the  previoiia  stage  were  par- 
iliv  or  coinpletely  dieassociated  from  rcflex  outside  stimuli  now  liegin  to  be 
mtrin8icany  desensitized.  Tbe  first  of  the  3  great  centers  affected  ia  the 
ipiratory,  Thia  losea  ita  normal  senaitiveneaa  to  carbon  dioxid  and  tbe  atimu- 
lating  influence  of  aaphyxia.  The  reapiration  grow8  8haIlow  and  with  an  in- 
offectnal  quick  inapiratory  gasp.  It  may  evon  become  of  Cheyne-StokeB  tvpe. 
Tbe  skiu  and  mncous  membranes  grow  pale  with  a  cyanotic  tinge  and  the  pulso 
'»»t^onies  more  rapid.     Blood  preaaure  gradnallv  falls. 

At  the  same  time  or  alightlv  before  tbis  atage  tbe  piipil  beconiea  dilated 
■"d  fised  and  tbe  cornea  entirelv  inaenaitive.  Tbe  tenaion  of  the  eyeball  lesaens. 
if  the  condition  be  not  relieved  bv  suapenaion  of  doaage  with  effective  ventila- 
''on  of  the  hings,  the  patient  will  die  of  re3piratory  failure. 

Thia  stage  niaj  como  on  gradually  by  aligbt  overdosage,  i.  g.,  above  90  mm. 
'*'  ethor  vapor  pressure,  or  may  come  on  rathor  abruptlv  by  profound  over- 
''^»age,  i.  e..  abovo  210  mm.  This  siidden  overdoaage  may  occur  even  in  the 
•^oiid  stage  of  anestbeaia,  bv  the  inhalation,  in  the  period  of  involimtary  ex- 
"•tenient.  of  exce8sive  conoentration  of  ether  vapor.  From  the  siidden  over- 
■losage  of  tho  modullary  centers  dnring  tbe  indnctiou  period,  tbe  respiratorv 
Miiler  righta  itaelf  aa  soon  as  venous  blood  ceasea  to  be  overcharged  by  the  prea- 
™reof  ether  in  tbe  alveolar  air.  TJsnallv  this  recoverv  is  a  matter  of  30  sec- 
wJ»  to  2  miuutes.  IIowever,  from  the  overdosage  wherein  the  bodv  as  a  wbole 
liM  been  gradnallv  brongbt  to  overtension  over  a  long  period  of  aneathcsia. 
thp  respiratorv  center  may  reqiiire  5  to  10  minutes  of  ether  excretion,  through 
srliSciat  ventilation  of  the  lungs,  to  again  reeume  efFective  automatic  action. 
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The  syinptoms  of  overdosage  may  be  precipitated  by  asphyxia,  usualljr 
from  high  obstructive  blockage  in  the  upper  air  passage.  With  aspbyxia,  par^ 
ticularlj  that  of  gradiial  onset,  the  circ\ilatory  centers  are  rapidly  depressed. 
Ether,  itself,  is  relatively  non-toxic  to  the  cireiilatory  mechanism. 

Fifth  Stage  or  the  Stage  of  Secoverj:  The  Period  of  Invene  Seassodation. 
— The  various  levels  of  the  nervous  activity  are  resumed  inversely  to  the  order 
in  wliich  they  are  lost.  The  re8piratory  and  eardiae  centers  again  begin  to  b&- 
influenced  by  operative  trauma.  Eespiration  becomes  more  shallow  and  quiet, 
the  pulse  becomes  8lightly  less  f requent,  blood  pressure  is  lowered,  reaction  br 
the  pupil  to  light  retiirns  and  the  comea  regains  its  sensitiveness.  Sli^t 
lacrimation  is  present  and  the  lid  reflex  reappears.  In  about  10  minutes,  after 
an  hour  of  full  even  anesthesia  the  vomiting  center  is  reached  and  any  stimu- 
lation  to  the  pharynx  or  operative  irritation  of  the  abdominal  contents  Tisiially 
results  in  subconscious  vomiting.  If  there  be  no  such  stimiilation  and  if  th^ 
ether  has  been  evenly  administered  without  repeatedly  dropping  from  full 
anesthesia  into  the  subconscious  zone,  vomiting  is  less  common. 

!N'ext  the  patient  responds  to  auditory  and  visual  stimuli  in  a  duU  drunkea 
way,  but  after  being  roused  soon  relapses  into  a  narcotic  sleep.  The  awakeDing 
of  consciousness  and  memory  is  usually  abrupt.  The  patient  8uddenly  asso- 
ciates  himself  consciously  with  his  surroundings  and  if  of  well-trained  mind  he 
takes  command  over  his  confused  mentalitv. 

The  tendency  to  somnolence  U8ually  continues,  but  there  may  be  marked 
excitement.  There  is  partial  analgesia  which  lasts  for  2  to  3  hours.  Mental 
and  physical  lassitude  may  last  many  hours.  There  may  be  headache.  Con- 
scious  vomiting,  as  a  physiological  effect  of  ether,  is  the  exception  rather  than 
the  rule.  It  is  present  most  frequently  as  a  complication  of  intra-abdominal 
manipulation  and  occurs  with  irregular  dosage  of  ether,  and  with  that  asso- 
ciated  with  partial  asphyxia  of  the  rebreathing  methods  of  administration, 
and  with  asphyxia  resultant  from  poorly  maintained  upper  airway  during 
anesthetization  and  early  in  the  stage  of  recovery. 

TlIEORETICAL   CONSIDERATION   OF   THE  AdMINISTRATION  OF  EtHKB 

Introduction. — To  induce  ether  anesthesia  smoothly  and  carry  the  patient 
8afely  through,  at  proper  depth  for  the  operation  in  hand,  the  theory  as  wen 
as  the  practice  of  ether  administration  must  be  imderstood.  Theoretical  con- 
siderations  must  of  necessity  be  first  expressed  in  scientific  terms  and  applic« 
later  to  the  various  empiric  methods  of  administration.  By  this  application, 
the  art  of  cnide  anesthetization  becomes  standardized,  and  a  definitely  fonnu- 
lated,  intelligent  procedure.  The  data  herein  tabulated  have  been  made  avaiV 
able  by  an  accurate  mixing  and  measuring  apparatus,  the  anesthetometer. 

Ether  is  commonlv  introduced  as  a  vapor  \7ith  the  inspired  air  into  the 
respiratory  tract.  By  diffusion  throughout  the  lung  and  into  the  blood,  thence 
into  the  neuron,  a  sufRcient  amount  of  ether  accumulates  in  the  central  nervons 
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tissue  to  establish  a  state  of  general  aiiestheBia.  Ether  diffiiacs  to  tlie  nerve  cells 
and  18  lield  tberein  hy  a  driving  force  kuowii  aa  vapor  tenaiun,  Bcientificallj  ex- 
pressed  in  millinietera  of  mercur^-  preasure.  Tliiis,  to  establish  and  maintain 
full  BUrgical  aiiesthesia,  the  blood  flo\ving  past  tlio  neiiron  must  eontain  con- 
8tantl_v  about  V^  per  cent,  of  ether,  or,  in  tension,  50  mm.  of  ctlior,  resulting 
in  over  0.(i  per  cent.  o£  ether  accumiilatln^  at  that  tonsion  in  the  central 
nervoiis  a_yatem.  The  iiervoua  svsteni,  dne  to  ita  generoua  anpplj  of  hlood, 
riaes  and  falla  in  etber  content  much  ninre  rapidly  thaD  the  reat  of  the  body 
in  reepoiiae  to  varving  ether  preaanre  in  the  lungB.  The  general  body,  particu- 
larlv  the  subcutaneouB  fat,  being  Icbb  freely  bathed  in  ether-chargpd  blood  tban 
is  the  central  norvous  sjatem,  eomes  to  tension  lesa  rapidly  and  eKcretes  ether 
more  alowly.  Thua  the  general  body  acts  as  a  governor  on  the  chaiigea  in  depth 
of  anesthosia;  it  ia  a  reaervoir  above  which  the  central  nervona  Bystem  may  rise 
or  be]ow  whieh  it  may  be  depleted  in  ether  content,  depending  on  the  relative 
percentage  of  ether  vapor  (espresaed  aa  vapor  preaaure)  maintained  in  tJie  air 
i»f  tlie  pnlnionarv  alveoli. 

Setails  of  Indnction. — The  objective  in  indnction  ib  to  bring  the  central 
iiervoiiB  svsteni  to  fnll  aneatbetic  tension  as  rapidly  and  BmooihIy  as  posBible. 
■^orlv-eight  to  55  mm.  ia  the  tenaion  reqnired  by  atl  animala  to  disaasociate 
critirelv  the  cerebral  cortex,  including  conseiousnesB,  motor  power  and  sensorj 
perception  and  aa  well  to  disassoc-iate  completely  the  reflexea  of  the  spinal  cord 
tlial  Uave  to  do  with  pain  and  toiich  atimuli,  and  abolish  the  reflex  tonicity  of 
volvmtaF)  miiacle. 

ITie  ideal  curve  of  ether  vapor  preasure  to  be  maintained  in  the  tidal  air  ia 
*I»t)wn  in  Figure  111.  To  induoe  full  anpsthesia  thia  cnrve  muat  be  followed 
^PproximateIy  no  matter  how  crudclv  and  unintelligently  the  aneatbetic  raay 
"©  given.  The  more  even]y  and  intelligent]y  the  curve  can  be  fol]owed,  the 
"Ottcr  tlie  aneatheaia  and  less  nndeairable  the  immediate  and  after-effecta  of 
L*tlier  anostheaia  and  of  operative  trautna.  The  curve  differs  in  variona  phvaieal 
^J^I^a  of  man  onlv  in  the  time  required  to  induce  aneatheaia  and  arrive  at 
^■»lilibrium.  The  dopth  of  aneathesia  establiahed  at  any  given  leve!  of  dosage 
'S  «iual  for  cbild  and  adult. 

For  induction  the  vapor  may  be  Btart«d  at  abont  4  per  cent.  or  30  mm.  of 

^ttpor  presBiire.     Inhalation  of  a  few  breatha  at  this  doaage  accuatoms  the 

i*iUcou8  membrane  to  pther  and  cari-iea  tho  aenaorinm  so  far  into  aneathesia 

^>at  fluocessively  stronger  vapor  may  be  inbaled  without  irritation,  until  within 

*   ffv  luinutea  the  strongeat  vapor  is  reacbed.     High  percentagca  (10  to  24 

P®f  cent  by  volimie)  are  nece83ary  for  induction,  since  tlie  venous  blood  in  the 

'^''Ij  stapo  of  anesthesia  returna  to  the  lung  with  little  ether,  having  been  largely 

''''Iilotcd  of  ether  in  the  capiilary  notwork  of  the  body.     Onlv  by  high  percent- 

^  of  vapor  in  the  pulmonary  air  can  the  arterial  blood  be  recharged  con- 

*'i"il!y  to  proper  anesthetic  tension  and  the  central  nervona  aystem  reduced 

'"agtaUf  of  quiet  aneatbesin  witliin  reusonable  tinie.     If  the  tidal  volunie  in- 

''lled  be  relatively  large,  and  the  atate  of  consciouaneas  readily  subdued,  aa  in 
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a  yoimg  child,  or  if  administration  be  continued  for  upward  of  15  minutes,  the 
vapor  pressure  need  not  rise  above  120  mm.  or  16  per  cent  In  fact,  if  the 
individual  be  in  preliminary  narcosis  from  nitrou8-oxid-oxygen  or  other  light 
anesthetic,  the  ether  vapor  need  not  exceed  90  mm.  or  12  per  cent.  If,  on  the 
other  hand,  the  tidal  volume  be  small,  due  to  the  snbconscious  control  which 
certain  individuals  hold  over  the  respiratorj  center  through  the  first  3  zones  of 
etherization,  or  if  the  absorptive  capacity  of  the  lung  be  relatively  small^  as 
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in  stoiit  people,  the  vapor  for  the  prompt  establishment  of  surgical  anesthesia 
must  be  carried  momentarily  to  210  mm.  or  28  per  cent. 

This  groiip  of  cases  is  exemplified  by  athletic  snbjects  and  those  who 
have  been  so  adapted  to  light  habitual  narcosis,  by  alcohol,  ether,  tobacco, 
morphin,  cocain,  chloral  and  other  narcotics,  as  to  be  uniisually  resistant  to 
narcotic  disassociation  of  the  snbconscious  centers  from  that  of  respiration. 
When  at  last  these  resistant  low  association  paths  are  broken,  then  the  most 
robust  alcoholic  remains  in  the  same  degree  of  anesthesia  on  the  60  nmi.  level 
as  the  young  child. 

The  snrgical  operative  procedure  may  be  started  at  the  peak  of  the  induc- 
tion curve  (Fig.  13),  but  to  protect  fully  the  nervous  system  from  reflex 
stimuli  it  is  best  to  wait  until  relaxation  has  become  complete,  and  the  vapor 
pressure  in  the  tidal  air  has  been  lowered  to  90  mm.  This  induction  period 
may  total  3  minutes  in  the  voung  child  up  to  15  minutes  in  the  robust  alcoholic. 

Establishment  of  Anesthetic  Tension. — The  tirne  and  sequence  of  the  various 
bodv  tissues  in  reaching  cquilibrium  are  shown  in  the  accompanving  chart 
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(Fig.  14),    After  the  induction  period,  the  general  body  tension  as  averaged  by 
the  venous  blood  gradually  rises,  until  at  the  end  of  the  establishment  period 
the  entire  body  is  in  equilibriimi.     This  takes  about  10  minutes  in  the  young 
ehild  up  to  40  or  even  60  minutes  in  a  large  robust  individual. 

Stage  of  Rccovery. — The  excretion  tirne  and  8equenee  in  loss  of  ether  by  the 
various  tissues  after  the  administration  of  ether  has  ceased  are  8hown  in  Figure 
15,  When  the  breathing  is  fuU  and  the  excretion  of  ether  is  uninterrupted, 
the   nervous  system  drops  into  light  anesthesia  in  about  3  minutes,  and  into 
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^®  Bubconscious  state  in  about  8  minutes.  TJsually  in  about  12  minutes  the 
»ower  level  of  the  subconscious  zone  (see  page  83)  is  reached  and  the  vomiting 
^^ter  may  recover  and  subconscious  vomiting  ensue. 

The  light  subconscious  zone  is  entered  in  about  15  minutes  and  the  zone 

^*  confusion  in  about  30  minutes.     From  the  low  ether  tension  of  this  zone 

^^^very  is  gradual,  since  the  fats  of  the  body  yield  to  the  blood  the  last  traces 

^*  ether  very  slowly.     If  at  any  time  the  tidal  volume  of  respiration  be  ob- 

^nicted,  excretion  of  ether  ceases  from  the  venous  blood  and  the  patient  re- 

^^p^  into  deeper  anesthesia. 

If  the  administration  of  ether  ceases  before  the  entire  body  is  saturatcd  to 
Wl  anesthetic  tension,  recovery  is  rapid,  since  the  nervous  8ystem,  gaining  or 
loeing  ether  rapidly,  soon  balances  with  and  then  drops  below  the  general  ten- 
sion of  the  body.  Thus,  within  8  minutes  after  short  full  anesthesia,  the 
tension  of  ether  in  the  nervous  sy8tem  may  have  dropped  low  into  the  zone  of 

oonfusion  and  tho  patient  be  fully  conscious. 
7 
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ZonM  of  Aneitheiia. — Tho  depth  of  anestbeaia  is  governed  by  the  tensicoi  of 
ether  establialied  in  the  central  nervous  9yetem.  This  tension  is  dependent  on 
ether  diffuBing  according  to  the  vapor  pressure  maintained  in  the  tJdal  air, 
eitber  to  or  from  tho  nervo  tisaue  through  varioua  intermediaie  media,  nntil 
a  balance  is  finali/  established.  The  zones  of  ether  dosage  at  which  the  varioua 
phenomena  of  ether  intosication  becomo  persiatent  are  given  by  Figure  16. 
These  zones  havo  been  eatahlished  and  the  ntilitv  determined  by  me  on  about 
3,000  easea  at  tho  Roosevelt  Ilospital,  and  by  confirmatory  findinga  on  the  d<^. 


Fia.  Ib. — Vlot  or  Etheb  Tension  in  Bodt.    Recoveiy  Btase  ofter  lull  elber  ftnMthcau. 


No  variation  has  been  obaerved  between  adult  and  child,  between  strong  aKi^ 
weak,  except  the  tirne  required  and  diffic«lty  of  bringing  the  snbject  to  eqta*-' 
librium  in  balanccd  vapor  tension. 

Phenomena  and  'UtiUtj  of  the  Zonea  of  Ether  Anesthesia. — ZONE  1:  T^^ 
ZONE  OF  CONFU8ION(0  tO  15  nun.  of  ether  vapor  tension). — Reaaon,  jotl^ 
ment  and  will  are  miich  clonded,  thero  is  niental  confuaion  and  a  tend«i»*'^ 
firat  to  exhilaration,  later  to  soninolence.  Moderate  analgeaia  is  present.  X*J** 
mind  is  open  to  suggestion. 

This  zone  is  useful  to  prodiice  stimulation,  confiision,  and  analgeaia  on  vff*^ 
ill  cases  in  which  some  minor  procedni-e  such  as  thoracotomj  for  empyema  mti*' 
be  performed,  and  where  it  is  desirahle  to  retain  oonscionsness  aud  the  abili*^ 
to  move  and  coiigh  at  command  of  the  surgeon.  The  analgesic  action  of  loos' 
anesthetica  is  much  hciglitencd  in  this  zone.  With  magnesium  aalphato  ad' 
ministered  aa  a  general  anoatlictic,  a  dangcrous  anesthctic  action  is  developeii 

ZONE  2:  TKE  LIGHT  SUBC0NSCI0U8  ZONE(  l.l  to  2.1  mm.). — In  thia  KH«, 
aa  in  zone  1,  the  reflexea  are  artivc,  bnt  tlie  anestlietist  is  no  longer  able  to  con- 
trol  the  mentalitv  of  tlie  patient.  The  patient  responda  to  stimuli  hy  auboon- 
scious  movements.  Sweat.  lacrimal,  salivarv  and  mucous  secretions  are  ezces- 
sive.  At  the  top  of  this  zone  and  at  the  bottom  of  zone  3  the  vomiting  center 
is  stimulated.    Superficial  aneetbcsia  is  present. 


Thia  is  the  proper  zone  in  wlii('h  to  eHtaliliHli  iincsthesia  for  niprelv  aiiper- 

"^^^  al  plastic  wopk  and  whcrc  it  is  desireil  to  mjiintain  at  the  sanic  tinic  Romplete 

"***  of  TOnscioiisneHS,  tnjietlier  with  the  prcsence  of  siioh  rcfleses  as  iiidnrp  ooupli. 

■*«  top  of  thia  zone  jii^'^«  the  aainc  depree  of  aneathesia  with  greater  aafety  than 

*    Iirescnt  in  fnll  nitrons  oxid  aiiesthesia. 

ZONE  4:     THE  ZOIVE  OF  LIGHT  SURGICAL  ANEBTHE81A  (35  to  48  mm.)- — 
'^'perficial  reflexca  are  ahoiiahed.     The  pnpillary  reflex  ie  slugah,  the  anal 
•ips  is  prcsent.     Kevere  operative  stimuli   are  stili   responded  to  hy  reflex 
"^^iBcular  rigiditv  and  other  reflex  actioii. 

This  zone  is  iiseful  for  ali  siiiierficial  oporations  where  full  muscular  relaxa- 
I  "on  is  not  nccessarv,  siinh  as  anipiitation  of  the  breaat,  hemia,  and  intraperi- 
'^^Oe«!  work  where  no  viseera!  trai.'tion  is  niade. 

ZONE  5:  THE  ZONE  OF  FULIj  ANE8THEBIA  (48  tO  55  inm.). — AH  BUper- 
^<^al  reHexes  are  loat  and  doep  refiexca  are  miich  blunted;  the  pupil  ia  mod- 
*rEteIy  dilated,  the  miiscIoB  are  conipletely  relased,  there  ia  no  evidence  of 
nervous  stinmiatiun  or  shock  by  such  degrec  of  traunia  as  the  atretching  of 
uiiKle.     The  rospiratory  center  begins  to  he  depressed  tow(ird  the  top  of  this 
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zone,  but  is  in  no  danger,  unless  a8phyxia  by  respiratory  obstruction  be  superim- 
posed  on  the  ether  anesthesia. 

This  is  the  siirgically  ideal  and  phy8iologieally  advantageous  zone  for  ali 
operative  procedures  wherein  full  miiscular  relaxation  and  bloekage  against 
f airly  severe  traumatic  stimuli  are  required.  It  is  the  zone  for  cranial,  thoracic, 
abdominal,  and  joint  siirgery. 

ZONE  6:  THE  ZONE  OF  DEEP  ANESTHESIA  (55  to  70  mm.). — AH  refleies 
are  lost,  muscular  relaxation  is  complete,  the  pupil  is  moderately  dilated  and 
immobile  to  light,  breathing  is  of  lessened  frequency  and  amplitude,  blood  pres- 
sure  is  slightly  lovvered,  and  the  heart  rate  increased.  Eeaction  to  severe 
traiima  such  as  piilling  on  the  me8entery  and  the  biliary  tracts  and  section  of 
nerve  trunks  is  very  slight. 

The  anesthetist  carries  the  patient  into  this  zone  only  at  such  stage  of  opera- 
tion  as  induces  profound  vasomotor  stimuli ;  stimuli  which  may  ultimately  result 
in  splanchnic  paralysis  or  other  form  of  shock ;  such  stimuli  as  traction  on  the 
mesonterv  and  on  the  biliarv  tracts,  operation  on  the  heart,  on  nerve  trunks,  aad 
on  scnsitized  joint  structurcs.  Thus  the  anesthetist  temporarily  deepens 
anesthesia  to  the  most  advantageous  dcgrce  in  correlation  with  the  require- 
ments  of  the  operative  procedure.  The  respiratory  center  may  become  danger- 
ouslv  depressed  if  anv  degree  of  asphyxia  be  superimposed  on  the  ether 
anesthesia. 

ZONE  7:     THE  ZONE  OF  PROFOUND  ANESTHESIA    (70  tO  90   mm.). — 'Ro^' 

piration  becoraes  shaIlow  and  gasping,  or  Cheyne-Stokes,  in  tvpo,  the  skin  cold, 
pale,  and  slightly  cyanotic ;  the  circulation  f ails  in  proportion  to  the  degree  ox 
slow  asphyxia ;  blood  pressure  falls  30  to  60  mm.,  and  the  pulse  becomes  rapi^- 
At  the  top  of  this  zone  the  respiratory  center  fails,  but  life  may  be  continued 
by  artificial  respiration. 

This  zone  is  not  useful  on  account  of  the  danger  of  re8piratory  failure  aJ^^ 
circulatory  depression.  \Vhen  the  above  noted  sympt'oms  present  as  a  result  ^* 
overdosage  the  patient  is  dropped  to  a  lovver  zone  by  decreasing  or  stoppii^S 
momentarily  the  administration  of  ether. 

The  folIowing  zones  have  been  deduced  f rom  the  action  on  human  subjects  o* 
strong  ether  vapor  in  variously  determining  the  proper  dosage  for  inducii^^ 
anesthesia.  The  danger  symptoms  have  been  only  momentary  on  the  huna^^ 
subject,  but  the  zones  have  been  more  definitely  established  on  the  dog. 

ZONE  8:     THE  SLOWLY  LETHAL  ZONE   "(90    to   210    mm.). — Death    OCCUr« 

froni  respiratorv  faihire  probably  requiring  in  man  on  the  higher  percenta^^ 
at  least  10  niinutes  and  usually  15  to  30  minutes.  If  life  be  continued  for  ^ 
while  by  artificial  respiration  and  dosage  be  continued  death  is  resultant  froi^ 
circulatorv  collapse.  In  tlie  ]ower  levels  of  this  zone  life  may  be  carried  on  f<^^ 
some  hours  by  intratracheal  insufflation,  with  the  respiratory  center  entirclj^ 
paralyzed. 

ZONE  9:     THE  RAPIDLT  LETHAL  ZONE     (210    to    460     mm.). — ^This     ZOn^ 

may  be  entered  rapidly  during  light  anesthesia  by  suddenly  breathing  hi^ly 
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ooncentrated  vapors,  i.  c,  aliove  28  per  cent.  by  vohime.    Trregiilar  reepiration 

snd  slight  (^vanosis  are  first  noticed.    The  pupil  aoon  dilatea  and  becomea  imrno- 

Me,    the  respiratioD  and  cireulation  diminisL,  cvauoBia  becomee  more  raarked, 

ani  tlie  patient  maj  die  of  respiratory  failure.     F8iial],y  when  this  zone  is  thiis 

rapidlj  entered  by  the  reapiratorj  center  the  bodv  in  general  haa  not  vet  been 

satu  rated  with  ether  and  the  cireulation  of  blood  and  irritabi]ity  of  protoplasm, 

'  esptrpt  in  the  nervous  avstein,  reuiain  active  for  nianv  luiniites.    After  such  sbort 

'ei-\s'lielming  dosage,  on  withdrawal  of  the  aneBthetic,  the  respiratory  center 

mpidlv  halances  with  the  general   bndv  tensinn  and  respiration  is  resumed. 

Wei-«  the  tension  in  this  zone  fnllv  eatabliahed  death  wonld  be  inevitable. 


General  Technic  of  i 


■:  Admii 


'N  OF  EtIIER 


3iitrodnotion.— Ether  for  pulmonary  absorption  may  be  delivered  by  the 
ope:  n.  meliioil:  First,  by  a  succession  of  drops  onto  ganze  strctched  over  an  open 
masli— t/ro/j  method :  second,  by  intermittentiy  pourinp  sniall  qnantitiea  into  an 
nperi  cone — open  cone  method.  The  vapor  mav  be  trapped  on  exhalation  in  a 
plos«jd  bag  and  rebrcathed  wholly  or  in  part — closed  method.  Or  the  liquid 
RtU^r  mav  bo  volatilized  at  a  distance  and  delivered  into  an  open  or  closod 
iKce  mask,  biown  into  the  nostrils  or  month,  or  directly  into  tho  pharynx  or 
tracfaea — vapor  method — nasal,   moulh.  pharyn<jeal,   and-   iniratmrh eal   iiisiif- 

Tor  induction,  as  in  ali  aneathesia,  the  environinent  shoiild  be  quiet  and 
clieorfiil.  The  anesthetist  ahonld  see  that  there  are  no  loose  foreign  bodies  in 
'u©  month.  A  8\Tnpatht'tic  paychic  oontrol  of  the  putient  ahonld  lie  secnred 
".''  the  anesthetist.  The  patient  ahonld  be  ehatted  with,  reassnred,  and 
"latracted  from  the  procedure  in  hand.  Ab  induction  proceeds  helpful  siig- 
P»tioHs  bv  the  anesthetist  niay  be  niade  to  the  patient  as  to  breathing 
'"•i  quietnde. 

Open  Method«.— ADMTNIST KATION  BT  8UCCES8IVE  DROPS:  DROP  METHOD. 
~A.ppARATUH. — A  large  wire  niaak  of  the  modified  Esmarch,  Clayton,  op  Mayo 
'Jr*«J  ia  eovered  with  froni  10  to  IC  lavers  of  ganze.  (The  object  of  many  lajers 
"'  ^nnze  Ib  to  inultiply  the  surface  from  which  ether  inav  vaporize.  ^Vhen 
'i°**3!c  bet^mes  cold  und  moist  the  proper  vapor  tension  cannot  be  maintained 
'■^»»1  a  sniall  snrface.    Induction  of  anesthesia  ia  difficnlt  with  leas  than  8  layera 

Tkchsu!. — The  evea  may  be  eovered  by  a  moist  boric  pad  overlain  by  a 
*****  p  of  giitta-pepcha  tiasue.  The  mask  is  held  looselj  in  front  of  the  patient'« 
'*^s«,  nnd  a  fow  dropa  of  ether  are  added  until  the  patient  becomes  accustomed 
^  tlio  odor.  Any  plcasant  odor  which  will  at  first  oveppower  that  of  ether  is 
"Vaiitafjeons,  snch  as  is  obtained  bv  adding  a  few  dropa  of  easence  of  orange, 
•■  m^ii^ted  bv  Gwathmey.  \Vlien  the  patient  bas  beconio  accustomed  to  the 
^al  stimulation  of  ether  the  rate  at  which  the  ether  ia  dropped  is  increaaed. 
?t»t  the  Brat  minute  about  a  drop  a  second  sufficca;  this  estahliahea  in  the  tidal 
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air  of  the  average  adult  a  pressure  of  about  20  to  80  mm.  The  rate  is  now 
increased  to  about  2  drops  per  second. 

Gradiiallj  the  mask  is  secure]y  seated  against  the  patient^s  face,  and  is  en- 
veloped  by  degrees  in  the  folds  of  a  towel,  which  forms  a  tight  joint  round  the 
edge  of  the  mask,  and  dams  back  the  downward  flow  of  the  heavy,  graduallj 
increasing  ether  vapor.  The  respirations  are  watched  and  the  ether  dosage 
govemed  aecordinglj.  The  rate  of  the  ether  drop  is  gradually  increased  so 
long  as  the  respiration  keeps  smooth  and  regular  np  to  about  4  drops  per  second. 
At  this  level  a  vapor  pressure  of  from  80  to  100  mm.  is  established  in  the 
average  čase.  Within  3  minutes  the  patient  passes  into  the  stage  of  subconscious 
excitement.  The  enveloping  towel  must  now  be  more  closely  adjusted  so  as  to 
also  cover  the  top  of  the  mask.  The  liquid  ether  is  now  added  more  rapidly  in  1 
to  2  dram  amounts  at  sufficient  intervals  to  keep  the  gauze  thoroughly  impreg- 
nated.  By  thus  gradually  increasing  the  vapor  at  first  and  then  rapidly  running 
the  pressure  up  to  the  full  vaporizing  capacitv  of  the  open  mask  anesthesia  mav 
be  induced  without  disturbing  the  respiratory  rhythm  by  other  than  a  few  halts 
and  quickenings  of  the  rate,  and  possibly  by  a  waming  cough  during  over- 
stimulation. 

Difficulty  in  inducing  anesthesia  arises  when  the  early  dosage  is  so  irritant 
as  to  cause  coughing,  light  breathing,  or  holding  of  the  breath.  With  skilful 
administration  the  peak  of  the  deliverv  should  be  reached  in  6  minutes  and  then 
sHghtlv  decreased  until  stertor  and  relaxation  appear,  whereupon  the  dose  may 
be  graduallv  lowered  to  about  2  or  3  drops  per  second.  On  this  level  administra- 
tion must  usually  be  continued  for  the  next  20  minutes. 

Finally  a  level  is  reached  at  which  a  slow  succession  of  drops  carries  the 
patient  to  full  surgical  anesthesia  for  many  hours.  It  is  difficult  to  lay  down 
a  definite  formula,  since  many  factors  enter,  such  as  the  tidal  volume,  and  the 
amoimt  of  ether  wastage  on  expiration,  and  by  extrane6us  air  currents.  Tech- 
nically  speaking,  this  level  is  such  as  establishes  and  maintains  in  the  tidal  air 
a  vapor  pressure  of  50  mm.  Without  wastage  this  would  require  about  11 
medium-sized  drops  of  ether  per  liter  of  air  inspired,  or  in  the  average  breathing 
somewhat  in  exce88  of  a  drop  per  second  (about  2  grams  of  ether  per  minute). 

The  patient  should  be  held  continuou8ly  on  a  level  that  is  neither  light  nor 
profound. 

Drop  Method  in  Children. — During  induction  of  anesthesia  the  young 
child  exercises  no  measurable  control  over  mind  and  body  as  does  the  adult. 
To  graduallv  induce  ether  anesthesia  prolongs  the  period  of  excitement.  There- 
fore  one  must  start  with  such  dosage  as  will  rapidly  overwhelm  the  conscious- 
ness.  The  mask  is  immediately  saturated  and  seated.  After  a  moment  of  hold- 
ing the  breath  the  child  cries,  and  vvithin  4  to  O  inspirations  has  established 
such  tension  in  the  arterial  blood  and  neurons  as  to  haA^e  lost  consciousness.  The 
tension  may  rapidly  become  overpowering,  hence  the  dosage  must  be  lessened 
within  a  minute  and  an  occasional  breath  of  air  allowed.  Full  anesthesia  is 
reached  within  4  minutes.     The  dosage  is  now  lessened.     Graduallv  the  entire 
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blood  stream  and  bodv  is  broiight  to  full  aneathetic  tension  of  about  50  mm. 
This  reqiiires  in  the  very  yonng  ehild  about  C  tniiiiites  as  against  40  to  60 
minutes  in  the  adiilt.  Tiiereafter  a  coutiniiotis  level  ia  established,  on  which 
auesthesia  luav  be  maintained  for  bours,  This  level  for  tbe  chi!d  is  the  same  as 
for  the  adiilt,  but  owing  to  the  dissimilar  tidal  vohime  of  air  the  amoimt  of 
ether  used  is  proportionatelv  leas,  and  finall.v  10  drops  a  minute  mav  suffice. 

Tbe  liability  to  overdosaj^  is  greater  in  ehildren  tban  in  the  aduit  because  of 
the  greator  proportional  respiratorj  absorptive  surface  and  smaller  reservoir 
capacit.v  of  blood  and  fat. 

ADSUNieTBATION  BY  POURING  OF  SMALL  P0RTI0N8:  OPEN  CONE 
METruoD.- — This  differs  froiu  the  drop  metbod  in  that  the  ether  ia  added  to  the 
mask  intermittentlj',  and  tbe  facc  ia  more  niutHcd.  Vaporization  is  govemed  by 
tbe  extent  of  vaporizing  surface,  the  movement  of  air  over  that  siirface,  and  the 
vapor  tension  of  ether  as  ]owered  by  refrigeration  and  by  water  condensation. 
FortunaIely  refrigeration  so  ]owers  the  vapor  tension  of  ether  that  even  if  an 
eicess  of  etber  be  added  an  approxiniatcIy  correct  percentage  of  ether  for  induc- 
tion  of  aneslhesia  is  establislied  automatically.  Lovver  pen;entagea  of  ether  are 
obtaineti  in  a  very  irregiilar  nianiier  by  increasing  the  interval  and  decreasiug 
tbe  amount  at  eacb  pouring. 

Ai'1'AUATrs  AND  Tkciinic. — Tbc  cone  may  be  made  of  folded  new8paper, 
of  a  butcher'B  cuff,  or  of  metal  (Allia  inbaler).  The  mask  nanallj  selected  is  a 
Uew8])aper  cone,  enveloped  in  a  folded  towel.  Into  thia  is  packed  a  half  yard  of 
S^uze  as  an  etber  resen-oir. 

Indni;tion  is  begun  by  poiiriiig  on  the  gaiize,  firat  a  few  dropa  as  in  the  drop 
"lethod,  then  a  dram,  and,  finally,  toward  the  peak  of  the  delivery  cnrve  at  the 
***d  of  .1  minutes,  an  amonnt  of  ether  2  to  4  drama  at  a  time,  keeping  the  gauze 
****iti«tiou8ly  moistened.  Graduallv  the  amount  ia  leseened,  and  tbe  interval 
*^tween  tbe  moisteniiig  of  the  gauze  is  increased  until  there  ma.y  be  an  interval 
'•  S  minutCB  helween  doaes,  2  to  4  drama  at  eacb  doae.  This  is  a  rough  proce- 
^^lUi^  requiring  the  leaat  akill  of  ali  methods,  but  vieldiug  suRicient  anesthesia 
F**^  a  sbort  operation,  siich  as  the  rcductiou  of  a  fracture.  The  greatest  objection 
'**  tte  mothod  as  applied  to  pnJongcd  operation  is  the  irregularitv  with  which 
•"eatheaia  ia  maintained.  JCext  to  the  cloaed  ur  rebreathing  method  tho  open 
">»«  has  heen  the  inoat  widely  uaed  and  diaadvantageoua  method  of  etber  admin- 
'**tratioi(. 

Cloaed  Xethod. — \Vhore  the  exhaled  tidal  vohune  is  trapped  and  rebreathed 
tne  method  is  spiken  of  as  a  tdoaed  method.  Anv  open  ciiiie  irjctlitvl  trapa  the 
''«»nlar iiin  tu  aome  sligbt  extpnt,  bnt  the  rlosed  method  traps  tho  exbalation  in 
larger  p,irt,  Therchv  tbe  vajior  pi-essure  nf  ether  ia  kept  up  by  small  additions 
w  frogb  ether,  alao  a  small  anioiuit  of  heat  and  moisture  !s  conserved,  auy  dc- 
»i*^  dcgrcti  of  asphyxia  may  be  indnced,  and  cnrhon  dioxid  and  other  wa8te 
pt>dnelfl  are  retained  at  wil 

Tho  mothod  is  the  loast  desirable  of  anv  method  of  ether  administration. 
To  ivoid  a  ainister  degree  of  aapiiyxia,  of  exaggerated  respiration,  and  tbe 
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aspiration  of  rctainea  mucus  and  šaliva  in  refractory  subjects  the  anesthetis 
must  be  highly  skilled. 

APPARATUS  AND  TECHNIC. — The  OiTOsbj  and  Hewitt  apparatus  may 
mentioned  as  early  types.  The  Bennett  apparatus  is  the  preferable  type.  Fox- 
induction  with  this  apparatus  nitrous  oxid  is  usually  employed  as  an  adjuvaat; 
(see  page  103).  With  ether  alone  the  breathing  bag  is  partly  inflated,  a  fewr 
drops  of  ether  are  poured  into  the  reservoir,  and  the  mask  lightly  seatel- 
Gradually  the  ether  dosage  is  increased  by  the  intermittent  pouring  of  small  por- 
tions.  After  a  minute  or  two  an  air  vent  is  opened,  through  which  portioa^ 
of  the  respired  gases  are  exhau8ted  and  renewed.  Thus  the  air  may  be  r©- 
freshed  and  the  percentage  of  ether  controlled  in  a  erude  measure. 

Vapor  Methods. — ^INTRODUCTION. — In  ali  vapor  methods  the  ether  is  evap- 
orated  at  a  distance  from  the  patient  by  the  passage  of  a  current  of  air  or  oth&T" 
respirable  gas  over  or  through  the  anesthetic. 

For  the  induction  of  anesthesia  the  vapor  must  be  delivered  into  a  closed  ot 
open-face  inhaler.  After  anesthesia  has  been  secured  the  vapor  may  be  blowm 
into  the  noše  or  mouth ;  but  preferably  it  is  insufliated  into  the  pharynx  o^ 
trachea.  The  vapor  may  be  concentrated  and  small  in  amount  and  be  diluted 
in  the  re8piratory  tract  by  the  inhaled  air;  or,  preferably,  it  may  be  of  sucl* 
dilution  as  to  furnish,  in  a  volume  of  air  sufficient  for  respiration,  the  minimBl 
concentration  of  ether  vapor  necessary  to  induce  and  maintain  anesthesia. 

The  special  advantages  of  the  vapor  method  are:  first,  that  with  a  givexi 
apparatus,  no  matter  how  crude,  ether  dosage  is  more  constant  and  controllabl^ 
than  by  either  the  open  or  closed  methods;  second,  a  considerable  amount  ^* 
body  heat  may  be  conserved  by  moistening  the  vapor,  and  a  small  amoimt  l>3^ 
warming  the  vapor,  as  is  sometimes  done;  third  (and  most  important),  by  tH*^ 
method  the  bulk  of  air-vapor  mixture  may  be  delivered — for  example,  into  tl*^ 
pharynx — where  it  will  satisfy  air  needs  in  the  act  of  inspiration  without  und"*^^ 
respiratorv  strain,  thus  eliminating  the  partial  asphyxia  which  so  often  is 
ciated  with  the  crude  methods  of  administration. 

This  is  in  theory  and  practice  the  most  advantageous  of  aH  methods. 
on]y  objection  to  it  is  that  apparatus  is  needed  to  impel  the  air  and  vapori^^ 
the  ether,  and  that  this  becoraes  more  complex  as  one  approaches  the  ideal  co^^' 
ditions  in  which  the  entire  tidal  volume  of  vapor  both  in  bulk  and  percentage  ^^ 

accuratelv  measured. 

t' 

THE   NEGATIVE   PRE8SURE   METHODS   OF   VAPOR  DELIVEBT. — Tbi^ 

method  dei)ends  on  the  negative  pressure  of  inspiration  (as,  in  fact,  do  ali  thc^ 
preceding  open  methods)  to  draw  the  air  over  the  ether  for  the  purpose  of  va- 
porizatioD.  For  cxaniple,  in  the  Vernon  Ilarcourt  inhaler  a  mask  is  connected 
with  an  ether  charaber  through  which  an  adjustable  proportion  of  air  may  be 
drawn  for  the  purpose  of  impregnation  with  vapor.  This  is  then  sometimes 
popularIy  called  the  "draw  over  method." 

A  simpler  procedure  advocated  by  Crile  is  as  f ollovvs :    After  the  induction 
of  full  anesthesia  2  Ko.  22  F.  catheters  are  passed  one  through  each  nostril  well 
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into  the  pliaryiix — a  distance  of  12  to  14  cm.  from  the  nares.  Theae  catheters 
are  connected  with  a  funnel,  which  is'  covered  by  gauze,  onto  wliich  the  ether  is 
poured  for  vaporization.  This  procedure  is  e8pecially  applicable  when  the 
operation  is  on  the  mouth  and  the  pharynx  is  packed  off.  The  same  procedure 
may  be  used  for  anesthesia  through  a  tracheotomy  wound. 

The  n^ative  pressure  method  throws  extra  strain  on  the  respiratorv  ap- 
paratus  and  exaggerates  the  negative  pressure  in  the  pharynx,  thereby  tending 
to  aspirate  mucus  and  blood  into  the  lungs.  It  has  now  largely  been  aban- 
doned  for  the  method  depending  upon  positive  pressure. 

THE  POSITIVE   PRESSURE  METHOD  OF  VAPOR  DELIVERT,— More      efTec- 

tive  than  the  preceding  methods  is  the  delivery  of  vapor  under  pressure,  where 
it  may  become  available  for  inspiration  without  exaggerated  suction  effort  on 
the  part  of  the  patient    This  may  be  either  intermittent  or  continuous. 

In  the  intermittent  method  of  vapor  delivery  a  strong  vapor  is  blown  by 
hand  bulb,  belIows,  or  other  propulsive  apparatus  into  the  noše,  mouth,  or 
pharynx  as  need  arises  and  is  here  diluted  with  inhaled  air. 

The  continuous  method  of  vapor  deliverj/  is  far  better.  Either  a  small  quan- 
tity  of  concentrated  vapor  may  be  continuously  delivered  to  the  patient  to  be 
diluted  by  his  inhaled  air  or,  preferably,  the  entire  required  volume  of  diluted 
vapor  may  be  prepared  and  delivered  by  propulsive  apparatus. 

Appabatus  for  Positive  Pressure  Methods. — Apparatus  to  Compress 
Air. — For  the  small  quantity  of  air  needed  to  vaporize  and  deliver  a  highly 
concentrated  mixture  a  large  hand  bulb  such  as  is  used  for  an  atoraizer  yields 
the  necessary  1  to  2  liters  of  air  per  minute.  A  small  duplex  dental  foot  bellows 
vields  by  ea3y  pedaling  from  8  to  12  liters  per  minute.  Oxygen  bubbling  from 
a  tank  may  also  be  used  as  the  vehicle  to  convey  the  vapor. 

For  the  larger  quantities  of  air  needed  in  insufflation  methods  a  glass-blow- 

eT*$  foot  bellows,  known  in  commerce  as  size  9,  is  convenient  (see  Fig.  19). 

Tbis  yields  about  one  liter  of  air  at  a  stroke,  requiring  for  face  mask  methods 

3    strokes  per  minute,  and  for  insufflation  about  25  strokes  per  minute.     Far 

iTiore  convenient  than  this  is  a  portable  rotary  motor-driven  air  compressor. 

Siich  an  air  apparatus  is  illustrated  in  Figure  20. 

For  permanent  hospital  installation  air  should  be  supplied  to  the  operating 

''oom  from  a  central  plant.    The  air  should  be  compressed,  washed,  and  stored 

_y  automatic  electric-driven  rotary  compressor  or  by  steam  pump,  and  delivered 

"cm  a  wall  cock  in  the  operating-room  at  about  1  pound  of  pressure,  thus  avoid- 

the  hum  and  annoyance  of  portable  apparatus. 

Apparatus  to  Vaporize  Ethcr, — Vaporizer  for  Concentrated  Vapor. — In 

^^^er  that  small  quantities  of  air  or  oxygen  absorb  sufficient  percentage  of  vapor 

^^   induce  and  maintain  anesthesia,  the  gases  must  be  bnbbled  through  liquid 

^^fcer.    The  Gwathmey  and  Lumbard  apparatus  effectivelv  secure  this  result. 

^  lie  well  known  Junker  apparatus  for  chlorof orm  has  not  the  capacity  for  ether 

^^porization. 

Vaporizer  for  Dtlute  Vapor. — The  apparatus  must  be  more  capacious  to 
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vaporize  the  larger  total  quantity  of  ether  needed  to  impregnate  the  air  for 
insufflation  methods.  For  in  these  methods,  since  there  is  no  rebreathing  of 
exhaled  vapor,  and  the  niixture  is  continuously  delivered,  about  half  the  mix- 
ture  is  wasted,  namely,  that  portion  which  is  insufflated  through  the  period  of 
expiration.  The  total  ether  vaporized  miist,  therefore,  be  donble  that  used  by 
the  concentrated  method  to  secure  the  same  physiological  effect,  or  about  9 
ounces  an  hour, 

The  type8  of  vaporizers  are  two:  in  the  first  the  air  passes  over  a  surface 
of  ether  and  absorbs  what  it  will,  depending  on  the  extent  of  surface,  the  rate  of 
the  air  flow,  and  the  surface  temperature  of  the  ether ;  in  the  second  and  more 
accurate  type  ether  is  dropped  in  known  quantity  in  to  a  chamber  and  im- 
mediate]y  and  completely  vaporized  by  an  air  current  passing  through  this 
chamber. 

For  surface  vaporization  an  area  of  at  least  20  sq.  in.  is  nece8sary  to 
evaporate  the  ether  with  sufficient  rapidity  for  the  induction  of  anesthesia. 
Therefore,  air  is  usually  bubbled  through  a  smaller  container  of  ether  at  this 
stage  of  administration.  Af ter  anesthesia  is  fully  induced  a  surface  of  4  8q.  in. 
will  suffice  to  impregnate  the  air,  flowing  at  the  usual  rate  of  18  liters  per  min- 
ute. Liquid  ether  is  chilled  by  the  evaporation  and  gradually  vaporizes  with 
less  rapidity.  To  obtain  more  dilute  vapor  a  portion  of  the  air  current  h 
diverted  around  the  vaporizing  chamber,  only  a  portion  passing  over  the  sur 
face  of  the  ether.  To  obtain  stronger  vapor  the  ether  reservoir  is  kept  at  or 
about  room  temperature  by  a  water  bath.  Such  an  apparatus  may  be  roadilj 
constructed  from  a  Wolff  bottle  (see  Fig.  21).  The  EIsberg,  Janeway,  Boothby, 
and  Robinson  apparatus  depend  on  this  principle  of  evaporation. 

A  more  controllable  method,  providing  the  rate  of  flow  is  known,  is  to  drop 
ether  into  a  chamber  and  there  immediately  vaporize  it  into  the  air,  either  bv 
dropping  it  onto  a  broad  bottom  or,  better,  by  providing  artificial  heat,  as  froro 
an  electric  stove.    The  ether  is  usually  contained  in  an  oil  cup  from  which  i* 
is  dropped  by  regulating  the  fced  cock  to  control  the  rate  of  drop.    About  4r^ 
drops  in  the  average  equal  a  gram  of  ether.    After  anesthesia  has  been  inducc?"^ 
by  face  mask  methods,  and  it  is  desired  to  start  insufflation,  the  ether  must 
set  dropping  at  the  rate  of  4  to  5  drops  a  second  to  maintain  anesthesia,  insu 
flating  at  the  usual  rate  of  18  liters  per  minute.    Gradually  the  rate  of  the  dro 
is  diminished  until  after  40  minutes  full  anesthesia  may  be  continuou8ly  mair^- 
tained  by  a  rate  somewhat  less  than  two  drops  per  second.     The  Flint  aj^ 
paratus,  also  my  own  vaporizer,  a  prototype  of  the  following  anesthetometeir^ 
depends  on  this  principle  of  evaporation. 

The  most  accurate,  safe,  and  useful  vaporizer,  one  which  automaticall^ 
measures  the  air  and  ether,  and  mixes  them  in  any  desired  percentage,  is  th^ 
anesthetometer  (see  page  181). 

METHOD  OF  ADMINISTRATION.  TECHNIC  OF  THE  VAPOR  METHOD.—' 
administration  of  the  ether  is  readilv  controlled  by  delivering  the  vapor 
ture  into  the  breathing  bag  of  any  closed  inhaler.     (For  closed  inhaleta^ 
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115,  Nitroiia  Oxid  Aneathesia.)  The  strength  at  which  tlie  vapor  sliould 
maintained  tlirougli  siicoessive  mimites  is  indicated  in  Figiire  13.  The 
►rizing  capacity  of  crude  appuratus  must  he  learued  empiricaHv  aud  the 
govenied  hy  the  reaction  of  the  patieut.  The  qiiautit;V  of  the  vapor 
ire  for  the  first  2  minutes  should  be  not  lesa  thau  3  iiters;  thcreafter  at 
from  5  to  8  Iiters  ahonld  he  Htipplied  each  minute.  That  is  enough  to  till 
r<linary  a-gallon  riihher  hrcathing  hag  in  ahtnit  (SO  seeonds. 
fhen  bv  this  face  maak  method  tlie  phar\-nx  baa  relaxed,  usuall/  -(vithin 
8  to  12  minutes,  tlie  delivery  may  be  changed  to  pharyngeal  insufflation 
»  page  95),  or,  for  more  effective  aeratiou  and  for  positive  presaure,  an 
'^tracheal  tuhe  may  be  introduced  whcn  general  reIaxation  is  obtained, 
ally  witbin  from  10  to  15  minutes. 

Anksthesia  by  Isteatkachkal  Insufflation 

Introduotion.— A  form  of  insuftiation  lias  long  been  practiced  for  special 

»■itciicics  throiigh  a  tracheotomy  wound  and  through  a  tube  in  the  larvns. 
intlv,  however,  lleltzer  bas  devised  a  precise,  safe,  and  widely  applicable 
lod  nf  insiiiflation  anesthesia  \vhich  takcs  an  important  plač«  among  the 

.«m  snrgical  procedures, 

In  the  lleltzer  method  the  traehea  is  iiitnbatod  by  a  looselv  Stting  endo- 
l*slieiil  oatbeter.  Through  this  tulte  ether  vapor  or  other  ancsthetic  is  doliv- 
f^  by  ptisitive  pressure  well  into  the  depths  of  the  trat-hea,  mixed  with  a 
^|:»er  volume  of  air  or  othor  respirahle  gas.  The  ether-air  mixtiiro  is  the 
fest  aiid  most  efticient  and  will  bc  ox(;lnsively  ramsidered  here,  altbough 
k>roform  and  nitpons  oxid  have  alao  been  employed  in  this  way, 

I'rimarily  tbia  method  wa8  designed  as  a  differential  pressure  method,  to 
*!>  the  hiags  in  partial  distention  when  the  pleura  is  opened,  and  to  provide 
Wect  aeration  with  minimal  thoracic  movemcnt  dnring  intrathoraeic  surgery, 

-A  wider  scope  has  now  been  doveloped  for  the  method:  Eirat,  when  ob- 
iiction  to  the  uppcr  air  paasafie  ia  to  be  anticipatod,  diiring  the  operatinn 
l»er  f rora  poatnre,  siich  aa  the  lateral  or  prone  poaition,  or  from  lesiona  which 
S*"OBch  iipoa  the  traehea  and  larynx;  aecond,  when  the  aapiration  of  blood  and 
tens  or  voraitus  is  impending,  aa  in  operations  on  the  tongue  and  throat,  and 

Xho  vomiting  of  intestinal  obstruction;  third.  in  proionged  operationa  on 
pible  subjects  because  of  the  even,  full  aneathesia,  perfoot  aeration,  and  the 
*^om  from  respiratory  insuflicioncy  and  from  ahock  vvhich  it  aecures. 

The  disadvantages  of  the  method  are:  firat,  the  neod  of  apparatiis  to  gen- 
J*le  presaure  and  to  vaporize  the  ether  in  a  controltahle  manner;  aecond,  the 
i^th  of  aneathesia  hv  othor  procedures  reqnired  before  intubation  becoraea 
ftlsible;  third,  the  occasional  difficnltv  and  time  conanmcd  in  intubating; 
^urth,  the  plivHical  and  phy8iolo)^cal  risks  from  over-pressure. 

Phfiiolo^. — .\teltzer  has  shown  that  the  tidal  movemeut  of  air  in  the 
iMpiratorv  tract  ia  not  needed  for  aeration  nor  for  the  diffusion  of  an  anea- 
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thetic,  provided  a  proper  air  circulation  be  artificially  maintained  in  the 
trachea.  Effective  insufflation  secures  such  a  circulation,  from  which,  throu^ 
diflFusion,  the  respiratory  needs  are  met. 

The  anesthetic  state  in  insuf&ation  anesthesia  difPers  from  the  usual,  in  that 
the  respiratorv  movement  is  here  slower  and  more  shallow  than  in  the  face  mask 
methods,  yet  oxygenation  is  more  efficientlj  maintained.  ISo  element  of 
asphyxia  enters,  the  color  stays  bright,  and  the  pulse  remains  the  physiological 
pulse  of  ether  anesthesia  when  devoid  of  re8piratory  strain,  namely,  a  f uU  pulse 
of  well-8ustained  pressure,  accelerated  10  to  20  beats  above  normal,  U8ually 
running  70  to  90  per  minute.  Owing  to  the  even  flow  of  vapor  the  anesthetic 
state  may  be  perfectly  maintained  at  any  desired  level.  The  patient  may  be 
placed  in  a  zone  of  deep  anesthesia,  with  complete  blockage  of  the  traumatic 
stimuli,  yet  with  no  danger  of  respiratory  insufficiency. 

Postoperative  sequel8e  are  reduced  to  those  of  a  perfectly  delivered  vapor 
anesthesia.  "Ether"  or  inspiratory  bronchial  "pneumonia"  is  unknown,  except 
as  a  result  of  preliminary  and  postoperative  inspiratory  accidents.  The  method 
in  itself  carries  no  more  risk  of  pulmonary  irritation  than  inhalation  anesthesia. 
Slight  pharyngeal  and  laryngeal  mechanical  trauma  is  occa8ionally  caused  by 
cliunsy  intubation.  Owing  to  the  ease  with  which  inspiratory  negative  pressure 
is  satisfied  by  the  rush  of  intratracheal  delivery,  and  also  to  the  double  volume 
that  must  be  exhaled  through  the  glottis,  this  method  tends  to  increase  the  intra- 
thoracic  pressure,  usually  diminishing  the  negative  and  raising  the  positive 
pressure  about  5  mm.  If  the  delivery  be  excessive,  or  the  retum  be  cboked,  a 
continuous  positive  pressure  may  be  maintained. 

If  the  phase  of  negative  pressure  be  totally  obliterated  by  exce8sive  intra- 
thoracic  pressure  (i.  e.,  in  excess  of  20  mm.),  the  patient  may  be  rapidly  thrown 
into  a  condition  of  shock.    Therefore,  when  the  delivery  is  of  exce88ive  or  un- 
known  volume,  or  of  deliberately  increased  pressure,  as  for  intrathoracic  sur- 
gery,  the  flow  should  be  interrupted  from  2  to  4  times  a  minute  to  allow  of  de^ 
flation  of  the  hmgs  and  to  remove  obstruction  to  the  retum  of  venous  blood  an^5 
lymph  to  the  right  auriele  from  the  great  venous  sinuses  and  lymphatic  cham^^ 
nels. 

Teohnic  of  Intratracheal  Insufflation. — The   patient   must   first   be   ane^^ 
thetized  to  full  relaxatioii  bv  the  usual  face  mask  methods. 

With  the  patient  lying  supine,  the  head  is  knuckled  backward  down  to  th< 
table,  uiitil  the  shoulders  are  8lightly  lifted  and  the  plane  of  the  face  forma 
angle  of  60^  with  the  table  (see  Fig.  17).  A  Jackson  direct-vision  laryng080op^ 
is  now  inserted  over  the  base  of  the  tongue,  and  the  epiglottis  is  identified.  Th^ 
upper  lip  is  disengaged  from  between  the  instrimient  and  the  upper  teeth.  Car^^ 
is  taken  not  to  exert  leverage  with  the  upper  incisor  teeth  as  a  fulcrum.  The  mur* 
strument  is  now  carried  deeper  and  the  beak  engages  the  epiglottis,  and  tliW^ 
with  the  base  of  the  tongue  and  the  lower  jaw,  is  carried  directlj  upwazd  fl 
to  raise  the  patient's  head  from  the  table  (see  axis  of  arrow,  F' 
axi8  of  the  laryngo8Cope  is  now  in  line  with  that  of  the  traob*** 
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1)6  well  anostbetized  tlie  triangiilar  opening  of  the  glottis  stafi<ls  wide  opeu  on 
ench  iiiapiratioli.  Into  thia  opeDing  a  atiff  catheter  is  passod  bv  direct  vieion. 
The  catheter  ahoiild  pasa  about  18  eni.  into  the  trachea,  iir  26  cm.  from  the 
incisar  teelli.  A  clamp  looselv  incloBea  the  catheter  at  the  tceth,  holding  it  from 
slippin^  and  preventing  compression.  The  fact  that  the  catheter  is  in  the 
tracliea  ahould  he  eatablished  by  the  ebb  and  flow  of  air  at  the  bore  of  the 
catheter  hy  a  bit  of  flnff  cotton  or  hy  the  hand.  A  eoiigh,  as  the  catheter  ia 
passed,  is  usiiallj  proper  evidence  that  tbe  tube  haa  pasaed  tho  glottia.  If,  on 
ihe  other  hand,  no  ebb  or  flow  takes  placc  on  respiratory  movement,  it  is  pre- 
siimable  that  the  ciitlirtor  has  been  paasod  into  tho  eaophagiia. 


FlO,     17.^TeCHNIC     or    lNTll*TS*CHIliI. 


If  the  catheter  haa  been  ao  misdirected  it  is  withdrawn  and  a  freah  catheter 
P^^pcrlv  inaerted.  If  the  miatake  be  not  diacovered  iintil  tbe  preaaure  haa  been 
»mtipcted,  aud  then  diacovered  bv  tbe  dilatation  of  tbe  stomach,  or  by  expulsioD 
I*'  RnIpB  of  air  and  gastric  aecretion  froin  alongaide  the  catheter,  then  tho  tube 
'"  discoHiiected,  but  not  ■withdrawn  until  ali  the  air  haa  been  espelled  from  the 
'^"niBch. 

Snriio  few  deft  nperators  with  long  fingera  can  tiick  in  a  soft  nibber  catheter 
°y  feel.  alao  tlie  catheter  may  occaaionallv  be  introduccd  bliudlv*  through  a 
^liMfcd  hol1(>w  inatrumcnt  shaiM^l  like  a  aound,  tbe  Bootbbv-(\)tton  introdueer. 
""«li  technic  is  not  recoinmended.  The  JBneway  introdueer  ia  a  refinement 
"^  Uio  Jackaon  instrument. 

When  it  ia  evident  in  a  breath  or  two  that  tho  catheter  is  propcrlv  placed, 
'*  U  connccted  to  the  air-ether  aupplv.  The  tiibing  ahould  be  strapped  in  plače 
ny  fltUiesive  plaater.  A  clanip  may  be  attacbed  to  the  tube  at  the  line  of  the 
fejij  the  bite. 
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The  quantity  insiifflated  shoiild  be  such  tliat  on  inspiration  no  air  is  inbaled 
f rom  outside.  Eigliteen  to  20  liters  is  the  average  quantity  for  the  adult.  This 
niay  be  blowu  by  20  mm.  of  pressiire  through  a  22  F.  catheter.  Allowing  for 
the  resistinice  of  the  connecting  tube,  26  mm.  is  the  average  pressure  desired  at 
the  ether  vaporizer. 

The  quautity  should  suffiee  entirelj  to  8upply  the  tidal  volume  during  in- 
spiration. If  any  air  can  be  heard  sucked  in  alongside  the  catheter  the  quantity 
must  be  increased  by  raising  the  pressure. 

When  the  depth  of  anesthesia  is  such  that  it  is  feasible  to  intubate  then  the 
patient  bas  already  passed  the  induction  period  of  ether  anesthesia  (see  Fig. 
13).  If  anesthesia  bas  become  light  from  the  breatbs  of  air  during  intubation 
insufflation  of  strong  vapor  quickly  deepens  it  again.  Usually  for  20  seconds 
the  strength  of  the  vapor  should  be  6  per  cent.  by  volume,  i.  e.,  50  mm.  of  vapor 
saturation,  so  as  not  to  induce  violent  coughing.  It  is  rapidly  strengthened 
to  90  mm.,  i.  e.,  11  per  cent.,  then  gradually  decreased  as  anesthetic  tension  be- 
comes  fully  established  until  after  40  minutes  in  the  vigorous  adult,  or  in  less 
time,  according  to  the  reactions  of  the  patient,  the  vapor  pressure  may  be  main- 
tained  at  the  50  mm.  level. 

On  this  strength  of  vapor  anesthesia  stays  uniform  through  the  succeeding 
hours  of  anesthesia.  Ten  to  12  minutes  before  the  close  of  the  operation  air 
alone  should  be  insufflated,  which  results  in  rapid  elimination  of  the  ether,  so 
that  the  patient  is  in  the  light  subconscious  stage  as  the  operation  terminates. 

Haintenance  of  Positive  Pressure. — In  those  infrequent  procedures  of  intra- 
thoracic  surgery  where  positive  pressure  is  desired  this  pressure  is  maintained 
in  one  of  three  ways. 

First,  the  tracheal  retum  may  be  choked  by  a  tube,  disproportionately  large 
to  the  bore  of  the  trachea,  i.  e.,  26  to  28  F.  catheter.  This  is  a  blind  method, 
since  the  retum  flow  cannot  be  regulated. 

Second,  the  volume  delivered  may  be  doubled  by  increasing  the  deliverv' 
pressure  to  60  to  70  mm.  This  is  the  usual  method,  but  undesirable  in  that  the 
lungs  may  be  subjected  to  possible  over-pressure,  i.  e.,  constantly  in  excess  of  29 
mm. 

Third,  the  best  method  is  to  choke  the  return  by  placing  a  hand  over  the  nos^ 
and  mouth  until  the  cheeks  remain  in  moderate  distention.  This  yield8  th^ 
nece8sary  5  mm.  of  plus  pressure.  At  8  mm.  air  may  be  forced  into  the  esoph- — 
agus ;  if  this  happens  a  stomach  tube  should  be  inserted  and  left  in  situ. 

From  2  to  4  times  a  minute  the  inflow  of  air  must  be  momentarily  inter- — 
rupted.    Positive  pressure  is  maintained  only  for  so  long  a  period  and  to  sud:^ 
degree  as  is  absolutely  indicated  by  the  operative  procedure.    Persistent 
to  keep  a  lung  in  fuU  distention  tend  toward  the  production  of  ahock  (i 
Physiology  of  Intratracheal  Insufflation). 
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Anesthesia  by  Phabtngeal  Insufflation 

Introdnction. — Small  quantitie8  of  concentrated  anesthetic  vapor  maj  be 
blown  into  the  pharynx,  to  be  here  diluted  with  air  inspired  by  the  patient. 
However,  a  highly  advantageous  delivery  is  not  attained  until  the  anesthetic  is 
alreadj  properly  diluted,  and  the  mixture  is  of  such  bulk  as  will  entirely  fulfil 
the  needs  of  inspiratory  effort  and  of  anesthesia  withont  fiirther  dihition.  This 
method  is  far  more  efficient  than  face  mask  deliverv  and  ranks  almost  equal  to 
endotracheal  insufflation.  Indeed,  as  a  roiitine  method,  where  high  efficiency 
of  insufflation  method  is  demanded,  it  is  preferable  to  endotracheal  delivery, 
since  it  is  mechanicallv  much  more  simple  in  its  application. 

Pharyngeal  insufflation  shares  with  endotracheal  delivery  the  following  ad- 
vantages :  First,  the  common  obstnictive  difficulties  of  the  upper  air  passages 
are  largely  overcome  by  delivering  a  sufficient  tidal  bulk  behind  and  below  the 
base  of  the  tongue.  Second,  the  mucus,  šaliva,  and  blood  from  operative  pro- 
cedure is  blown  outward  by  positively  impelled  air  stream.  (Since  no  puddle 
forms  in  the  pharynx  to  be  aspirated  into  the  bronchi,  and  as  no  negative  pres- 
sure  exists  in  the  pharynx  to  aspirate  the  šaliva  and  mucus  of  the  mouth  and 
the  mucus  of  the  noše,  the  so-called  "ether  pneumonia"  is  rarely  met  with  under 
this  method.)  Third,  the  method  shares  the  even,  full  anesthesia  common  to  ali 
vapor  delivery. 

Technic. — The  same  air  pressure  and  vapor  apparatus  are  employed  as 
those  used  in  endotracheal  insufflation.  The  most  convenient  delivery  device  is 
a  metallic  Y-forked  tube,  bent  to  fit  the  noše  and  forehead,  each  fork  carrying 


Fio.  18. — CoNNBLL  Nasophabtnoeal  Tube.    (For  pharyngeal  insufflation.) 

iin   18  F.  aoft  rubber  catheter  with  double  eyelet.     Each  catheter  is  about 
^^  cm.  long. 

Before  pharyngeal  delivery  can  be  instituted  the  patient  must  be  anesthetized 
^  the  stage  of  surgical  relaxation  by  the  usual  face  mask  methods.  If  anes- 
^^a  be  too  light  when  insufflation  is  instituted  the  patient  will  swallow  air, 
^It  in  breathing,  and  may  vomit.  With  ether  as  the  agent,  insufflation  should 
^^t  be  started  before  9  to  12  minutes  as  a  mT 

To  lubricate  the  catheters  they  rr  s  of  the  pa- 

*^t'8  mouth.    The  nese  is  tilt  ^»»»»r" 

^'^^  one  througfa  each  no 
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If  the  catheters  be  directed  iipward  instead  of  backward  they  inay  become 
jammcd  and  kinked.  If  the  septuin  be  found  deflected  then  bQ|;h  catheters  must 
be  passed  through  the  free  side.  If  the  noše  be  doubly  obstnicted  the  catheters 
must  be  introdiiced  per  ora.  They  are  passed  a  distance  measured  by  laying  the 
catheters  on  the  face  of  the  patient  from  an  ala  of  the  nostril  to  the  extemal 
auditory  meatiis  of  the  same  side.  The  eyelet  of  the  catheter  then  lies  at  a  level 
of  the  epiglottis,  usually  a  distance  of  about  12  cm.  from  the  nostril.  Insuffla- 
tion  may  also  be  practiced  through  a  bent  tube,  introduced  through  the  mouth 
into  the  lower  pharynx.  The  nasal  route  is  preferred,  as  the  tubes  are  more 
accurately  introduced  and  lie  in  plače  more  securely. 

The  quantity  of  anesthetic  delivered  should  be  of  such  bulk  as  to  satisfy 
totally  each  inspiration  without  extraneous  dilution.  To  satisfy  the  negative 
pressure  of  inspiration  at  the  glottis  a  total  of  18  liters  per  minute  must  be 
insufflated  in  the  average  adult.  When  the  patient  is  breathing  rapidly  this 
must  be  raised  to  20  liters  or  may  be  dropped  to  15  liters  at  quiet  periods.  A 
positive  pressure  of  26  mm.  at  the  vaporizer  supplies  about  the  correct  average 
quantity  through  two  unobstructed,  18  F.  catheters.  An  instantaneous  gas  flow 
gauge  in  circuit  is  highly  desirable  to  read  at  ali  times  the  actual  gas  flow. 

The  percentage  or  vapor  pressure  of  anesthetic  to  be  maintained  is  the  same 
as  by  face  mask  and  intratracheal  delivery  (see  Figs.  14,  15).  Usually  the 
mouth  and  jaw  do  not  have  to  be  held  by  the  anesthetist.  If  the  jaw  tends  to 
drop  back  so  that  the  epiglottis  obstructs  breathing,  then  the  head  must  be 
adjusted  to  one  side.  If  the  mouth  tends  to  open  widely,  allowing  the  vapoir 
delivered  to  become  so  dilute  that  anesthesia  is  not  well  maintained,  then  th^ 
chin  should  be  held  toward  the  head  of  the  table  by  an  adhesive  strap. 

The  same  even,  quiet  anesthesia,  with  the  luxury  of  easy  respiratory  miov^-^ 
ment  results  as  in  the  endotracheal  delivery.     The  patient  shows  in  genera^ 
good  condition,  the  absence  of  such  respiratory  strain  as  is  often  occasionec:== 
by  face  mask  methods.     The  pulse  and  respiration  tend  to  be  but  little  acce 
erated ;  the  depth  of  anesthesia  may  be  accurately  controlled  and  the  undesirabi 
sequel8P  of  crude  methods  of  anesthesia  are  largely  eliminated. 

Haintenance  of  Positive  Pressure. — Positive  pressure  within  the  lung  f 
intrathoracic  surgery  may  be  easily  maintained  by  obstructing  the  return  flo 
with  the  hand  over  the  noše  and  mouth  until  the  cheeks  bulge  under  moderat 
distention.     While  this  serves  for  emergency,  yet  the  following  is  a  bette^^ 
method  (see  Fig.  25).    The  return  flow  is  blocked  at  the  nostrils  by  a  collar 
large  rubbcr  tubing  slipped  on  over  the  delivery  catheters,  a  collar  of  such 
as  to  plug  the  nostril.     The  mouth  is  then  blocked  by  a  stiff  rubber  sheet 
coflFerdam,  oval-shaped  and  slipjHjd  in  between  the  lips  and  gums.       This  »^ 
perforated  at  its  center  for  a  pharyngeal  breathing  tube.    To  the  breathing  tub^^ 
is  attached  outside  the  mouth  a  common  2-gallon  rubber  rebreathing  bag. 
insufflating  a  vapor  mixture  it  is  exhaled  into  this  bag.    The  bag  gradually  di 
tends  and  maintains  an  elastic  pressure  against  the  pharyngeal  air,  and  in 
against  the  lung  itself .    The  distention  of  the  bag  and  e^halation  therefrom 
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regiiiated  by  a  cock  at  t.he  flistal  enil.  The  bag  inust  Lo  fairl_y  firml_y  distendei) 
to  yielii  5  mm.  of  pregsiira  against  the  Inng,  Occaaionall^  the  bag  is  deHatoil 
for  a  moment. 

This  method  of  maintaining  poaitive  pressure  is  miicli  more  controllable 
than  face  mask  methods.  It  is  not  so  efiicient  in  aeratJng  the  Inng  as  is  the  endo- 
traclical  method.  This  latter  method  {the  endotradieal)  ahmild  decidedly  be 
'Cbosen  whcn  both  pleural  eavities  are  to  be  open  sjmiiltaneouslj. 

Shoiild  the  stomach  becomo  distended  by  this  method,  as  it  may  do  if  a 
pressure  of  more  than  10  mm.  be  maintained,  then  a  small  gavage  tiil«  may  be 
paased  and  left  in  sitn.  Not  less  than  8  liters,  preforabIy  15  to  18  Hters,  of 
fresli  mizture  should  be  insufflated  in  this  poaitive  pressure  method. 

The  Various  Units  of  Appahatus  TTsed  in  Isbufflation  Anesthesu 

TirttTJait:  Air  Compressor. — ^Aa  a  soiirce  of  air  pressure,  b  small-sized  ghiaa- 
Mc^refs  foot  bellow9  7  by  12  in.  is  aufficient.  This  is  obtoinable  at  small  eost  from 
uny  1iardware  store.  A  pressure  of  25  mm.  and  air  flow  of  18  liters  per  minute  ie 
ouiotuiued  b;  about  2b  strokes  a  minute.  (Fig.  19.) 
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gauz«,  i^uo!)  tu  a  l>ottle  wit}i  2-way  openin^,  suffices.     Tlii^:  is  not  aii  cescntia],  but  ^ 
deeirabli;  uiiit. 

Third  Vnit:   Ether  Vapomer.— Etber  is  vaporized  eitLer  by  blowing  o 
the  Furfui;e  or  liy  dropping  li<iuid  ether  in  meiisureil  aniounts  into  the  air 
The  Bimplest  apparatus  is  u  .l-mouth  WolfF  bottle  of  a  diameter  not  lefis  than  6  in.    Th— ■  -« 
air  entCTH  one  mouth,  circulotea  over  flie  ether,  and  leaves  by  a  seisind  mouth.    Th»-  -^ 


Fro.  20. — Generator  por  Cohprebsed  Air;  Connkli.  Pohtablk  Model.  I,  Electric  molor;  3,  i 

oil-houoed;  3,  rotarjf  eoiiiiirpBaor:  4,  niuiiler:  5.  oil  tank  nad  sepiirator;    6,  humidor  nnd  air  filt«;  i 
iDStantuneiius  air  Kov/  gaiigc;  8,  saifety  valve;  H,  hoUaw  hottoiii  n-ilh  roiitni]  rheostat. 


third  is  used  for  renewing  the  liquid  ether.  The  tube  and  stop  copIcb  are  b 
(Fig.  21)  that  an.y  portion  of  the  air  maj  be  ehunted  around  the  hottlea,  ther*!:-^ 
weakening  the  total  vapor  mixture.  Other  tjpea  of  vaporizere  are  discusned  undf"-^. 
vapor  methods,  page  89. 

A  convenient  fonn  of  thiB  vaporiKitig  unit  is  the  Hobinson,  where  the  easenti^^Mj 
tubing  and  stop  cocks  are  eombined  iii  a  lid  which  fits  Biiy  comraon  fniit  jar.  -  M{ 
Buflicient  ether  is  not  taken  up  by  the  air  in  passsge  over  the  etUer,  then  the  vapori»^*er 
is  immersed  in  a  wnter  bath  at  a  heat  between  75°  and  80°  F. 

A  njore  controllahle  ether  feed  is  the  dropping,  from  an  ordinary  oil  eup,  of  Hqw-3id 
ether  onto  a  warni  surfaoe.  When  Ihia  ia  done  hy  mechanicat  correlatioti  of  tiH« 
Tiiovement  of  ether  to  tbat  of  air,  a  srieiitifipHlly  aecnrate  proportion  niay  he  obtain^s* 
The  aneBtbetometer  ia  the  latest  and  most  eifective  developnient  in  tbia  method  ("■* 
pnKe  1"1. 

Foartll  Unit:  Safetj  Valve. — To  avoid  overpresaure.  a  aafety  blow-off  valve  m«**' 
be  provided  iicnr  the  patient;  thia  ahould  bc  act  nt  not  more  than  20  mm.,  so  tt»*' 
eJtcesaivc  presaure  on  the  Iuiirs  is  iin|iosaible.  The  valves  are  of  2  tyi)eB.  the  Si*  ■*■ 
merged  and  the  pop  valve.  The  aiibrnertred  valve  consiats  of  a  glasa  tube  biiried  ^ 
mm.  into  a  bath  of  merciiry  beld  in  a  wide  bottle,  suoh  aa  an  Ehrl,vmer  flosk.  T"** 
bIow-off  poinl  may  be  varied  by  adjustiiig  the  depth  of  the  tube.  The  diaadvants^C* 
of  thifi  tyi>e  ia  the  weigbt  and  coHt  of  the  mertnir?  and  loss  by  spillage  and  Bpatteri"^' 
The  pop  lype  of  siifety  valve  is  niore  eonvenient.  The  pre^siires  may  be  ailjusted  1r^ 
iiicreasing  the  weigbt  earriei]  on  the  piston  by  spriiij;  or  by  weight  on  a  lever  anr*' 
aa  in  tlie  ordinar.v  steani  enpiup  safety  valves.  This  volve  ahniild  be  sel  at  16  to  St' 
nmi.,  and  shmild  bi-  in  riri'[iit  iiciir  ihe  patient.  so  that  Bny  enugh  is  reeiponded  U>\^ 
liftiiig  thi-  siit'i'ly  viilv.-.  iiiiil  i'\.-i'siiiv.'  jm-asiin'  eaunot  aeeuniiilate. 

Fifth  Unit:  Intnbating  Catheter. — The  preferred  cathel*^  ia  the  straight  eyl!n- 
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'd,  urctliral   cnthctcr  witli  siniile  lateral  eye,  size  20 
i-ntheter  shoiild  l>e  detorniiiied  I)y  blomng  throiigb  it. 


drical  aiIk-woveii,  elicllue-iijvert 
to  20  K.  Tho  i):itciRy  of  each  ■ 
aa  Boiiie  <';ithet<^rs  hnve  an  im- 
perfopl  boT-i'.  Size  20  will  cnrry 
siiflSciofit  air  on  UBual  presaiire 
for  the  ndolescent,  22  F.  is 
chcis<-ii  for  tlie  small  adult,  an<l 
24  F.  for  the  larger  adult.  Size 
26  F.  is  »aed  to  block  tlie  air 
MJtum  alniiggide  the  tube  in  in- 
trathoriicie  aurgery. 

Whcn  the  cntboter  is  to  bc 
introducrd    by   other  than    the 

(lirtvl    rision    methnd,    then    a 

«>ft     nvl     rubber    catheter     is 

preferatili'. 

Accessories.  —  Cnnnecti  ii;r 

lubiiifT  »hoiild  bc  at  least  5/1'! 

in.  bnrf.     Ah  an  introiluper,  tlie 

JMfkHon    direet-vision    lary"lfo- 

«t>pe    is    prcfcrable    (src    Fig. 

'O.  The  Jancway  introilurcr 
'S  an  oxcellent  instrument.  In- 
struments for  the  blind  intro- 
duotion  of  the  tubiii^r  by  sense 
"'  f««l,  such  as  the  Cotton-Boothby  hoIIow  Bound-alia[wd  introdiii 


Intkavenods  Administuatio-n  of  Etiieb 

IntTodaotion. — The  objcct  in  the  intravenons  tiiliiiiiiistration  of  cthcr  is  to 
'**turate  the  blood  to  proper  aneathctic  tension,  ohtaiiiiiijf  the  phvaiological  cffect 
^^  tlio  ncurou  iu  pnre  fonri,  withmit  tliose  sidc  cffeets  whieh  are  dopcndent  on 
**'e  stimiilation  of  hif;h  pcrcentafre  of  ether  in  the  rcspiratorv  tract.  By  this 
'HotJiod  the  blood  niay  be  broiigbt  to  sohition  of  aboiit  ^/j  per  cent,  ether  or  an 
"'ler  t«nsion  of  50  mm.  withoiit  tbe  vapor  pressiire  in  the  respiratory  tract 
'^^''^*"  rcaehing  an  irritating  dej^ree.  Biickhardt  lirst  adaptcd  the  method  to  man. 
The  ether  is  dissolved  5  to  7. S  per  cent.  by  volumc  in  nornmi  saline  and  is 
"^trodiiccd  by  intravenous  infiision. 

Special  Phy»ioIogy. — On  establishing  an  intravenous  flow  of  ahoiit  50  e,  e. 

P®""  minute  of  5  per  cent,  ether  in  nomial  saline,  the  patient  bceomes  droway 

"tthin  2  or  3  minutea,  and  there  is  slight  excitBtion  of  respiration  and  of  pulse 

»ate.    Xhe  pulse  grows  fiill  and  slightly  increased  in  tension.    The  akin  becomes 

"uahed  and  moist. 

I  Tlsuall/  with  verv  little  or  no  inental  oscitement,  the  patient  drops  off  into 

k        *  State  of  quiet  narcosig.     Shortly  the  breathing  bccomea  roughened  or  even 

\      ^crtorouB  and  the  mnsenlar  aystem  pcrfect!y  relaxed.    The  stage  of  full  aurgi- 

1       '^1  ancsthesia  bas  nov  bcen  attainod.    "  "tres  abotit  5  minutes,  adminia- 

lal      tttii^  about  250  c.  c.  of  5  to  7  pei"  to  the  average  infividnal. 
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Af ter  arriving  at  the  stage  of  fuU  anesthesia  this  is  maintained  by  such  dosage  as 
will  balance  that  ether  which  is  being  excreted  by  the  respiratory  tract,  plus 
that  which  by  diffusion  is  bringing  about  an  equilibrinm  over  the  entire  body. 

The  stage  of  recovery  is  attended  by  the  usual  phenomena  of  a  smoothly 
indiieed  and  maintained  ether  anesthesia.  The  vomiting  is  miich  reduced  over 
the  rougher  methods  of  piilmonary  administration.  Occasionally  with  robust 
alcoholics  the  excitement  is  as  troublesome  as  by  other  methods. 

With  the  onset  of  stertor  the  upper  airway  of  the  respiratory  tract  must 
be  adjusted  and  held  open  and  the  depth  of  anesthesia  gauged  by  a  competent 
anesthetist. 

The  advantages  of  this  method  are  those  of  a  rapidly  and  8moothly  induced 
pure  ether  anesthesia,  without  pulmonary  stimulation.  Also  the  region  of  the 
face  is  rid  of  inhalation  apparatus.  The  disadvantages  are  those  incident  to 
ordinary  infusion  of  saline  in  excessive  bulk  when  no  saline  is  physiologically 
needed,  phis  the  destructive  solvent  action  of  ether  in  high  percentage  on  the 
blood  at  the  point  \vhere  it  first  commingles  and  before  it  has  been  diluted  by  the 
general  blood  stream.  The  solvent  eflFect  of  ether  on  the  red  blood  cells  in  such 
sohition  in  the  plasma  as  is  needed  for  anesthesia  (i.  e.,  Vi  P^r  cent.)  is  negli- 
gible,  but  the  lipoid  solvent  and  laking  effect  of  ether  in  a  far  larger  percentage 
(i.  e.,  5  to  10  per  cent.)  neces8ary  in  the  infusion  is  a  menace.  Hematuria, 
excretion  of  lipoids,  and  postoperative  anemia  are  scen.  This  eflFect,  together 
with  the  accidents  of  air  embolism,  thrombosis,  pulmonary  embolism,  and 
edema  of  the  lungs,  which  are  dependent  on  the  infusion  procedure,  will  no 
doubt  relegate  this  method  to  the  realm  of  physiological  experimentation  and 
not  that  of  a  useful  surgical  method.  Approximately  equal  smoothness  of  anes- 
thesia is  attainable  by  proper  pulmonary  and  rectal  dosage.  The  danger  of 
overdosagc  does  not  exceed  that  of  other  methods,  if  reasonable  čare  and  de- 
liberation  bc  exercised  during  the  infusion  and  the  physiological  eflFect  be 
closelv  watched  bv  a  competent  anesthetist. 

Technic  of  Administration. — Apparatus   such    as    is    commonly   used   for 
saline  infusion  suffices.     The  solution  is  prepared  by  dissolving  75  c.  c.  pure, 
clean  ether  in  925  c.  c.  of  cool  normal  saline,  or  Ringer'8,  solution.     If  the 
solution  must  be  prepared  in  advance  it  should  be  kept  cold  and  tightly  corked 
to  prevent  loss  of  ether.     For  use  the  solution  may  be  poured  into  a  graduated 
glass  irrigation  jar  covered  by  a  flat  glass  dish  to  inliibit  the  diflFusion  of  ethei 
into  the  air.     The  jar  is  elevated  about  3  feet.    The  delivery  tubing  should 
guarded  by  a  small  screw  pinch  clamp  and  should  have  in  continuity  belo 
the  irrigator  a  glass  drip  tube,  so  that  each  drop  of  solution  may  be  seen  as 
feeds  as  for  rectal  drip.     Xear  the  patient  the  tube  may  be  coiled  through 
water  bath  or  placed  beneath  a  hot-water  bag  to  take  the  chill  oflF  the  solutiorrr 
Very  hot  water  is  objectionable,  as  it  distills  out  the  ether. 

With  the  pationt  under  light  alkaloidal  narcosis  (sce  page  102),  any  co 
venicnt  vcin,  preferablv  a  large  vcin  in  the  forearm,  is  expo9ed  by  dissecti 
under  infiltration  anesthesia.     A  cannula  is  inserted  and  tied  in  plače  as 
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laliiie  infiieion.    AVitli  ali  air  ejected  except  that  residual  at  tlie  siglit  feed,  the 

lril>^  is  comiected  to  the  caiinula  and  the  infiision  allowed  to  niii  into  the  vein, 

I   (bovit  50  C,  C.  per  minute.     \Vhen  liglit  anesthesia  is  indiiced  the  amouiit  do- 

■  Kr^»ed  ia  cut  to  aboiit  20  and  then  to  10  c.  c.  per  minute,  i.  e.,  2  or  3  drops  per 

Pieeond.     Gradual]y  a  level  ia  fonnd  on  which  an  even  grade  oi  aneathesia  con- 

tiiax«e3  br  a  8low,  even  drop.    The  depth  cif  aneslhesia  inay  he  coutrolled  by  the 

rat«s  of  the  drop.    Tf  anesthesia  deepens  undiilv  adminiatration  is  checked  for  a 

fv\Mr  miinites  atnl  tho  ciinnula  ani]  vein  kopt  fi-efi  nieanwhile  hv  a  verv  low  stream 

of    niirnial  sallne  froin  a  second  jar.     Anostheaia  niav  alao  he  lightened  by  in- 

cre.a.sing  the  tidal  vohune  of  breathing  bv  means  of  a  breathing  tube,  or  it  may 

be      <jcepcned  by  luuffling  the  face  wjt!i  toweIing,     Adiiiinistration  is  checked 

•bont  10  minutes  before  the  termination  of  the  operiition,   and  the  wouDd 

W*vired  as  the  surgical  operation  terminates. 

Rect^vl  Administration  of  Ethee 

lutrodnction. — Etlier  is  administercd  bv  the  eulon  for  the  pnrpose  of  elim- 

■in^tiing  tlie  undesirable  effeets  of  the  dnig  on  the  reapiratory  tract,  such  as 

8>vigh,  diaturbance  of  reapiration,  and  refles  exeiteinent.     Pure  liquid  ether 

Mu.iiot  be  used  for  injection  iuto  the  intestine,  aince  at  bodj  temperature  it 

»ila  and  may  disteud  and  rnpture  this  viscus.    Nor  can  ether  vapor  mixed  with 

MT    be  delii^ered  into  the  intestine  in  snffieient  strength  to  snturate  the  blood  to 

anoatlietic  tension,  aince  the  absorptive  surfaee  is  here  so  much  amaller  than 

that  of  the  lung,     The  neareat  approach  to  siiccess  was  that  of  Sntton,  who,  by 

mlietitiiling  for  thp  inert  nitrogen  of  the  air,  oxvgen  paaaed  throngh  warm  liquid 

ether,  increascd  the  abaorption.     The  variona  previons  attenipts  have  recent]y 

p  ven  way  to  what  gives  proniise  to  be  a  successful  method — the  oil-ether  method 

of  Gwathmey. 

Oil-Ether  Anesthesia.— When  ether  ia  mixed  with  olivo  oil  in  a  porcentage  of 
"n  tlio  boiling  point  is  abcive  the  bodv  temperature  and  the  dangcr  of  rnptnring 
Uie  intestine  is  etiminated.  The  vapor  tension  reniaina  high  (almoat  boiling) 
s^d  llie  elber  rapidlv  diffuses  throughont  the  content  and  throngh  the  walls  of 
'ne  inutatine  into  the  blood  stream.  OradiiaIly  in  the  course  of  20  to  30  min 
iites  the  blootl  and  nervous  aysteizi  of  the  body  may  be  bronght  to  proper  ai 
thetie  tension.  A  ecrtain  amoimt  of  ether  volatilizes  into  the  gaaea  of  the 
'•^iiie,  increaaing  their  hulk  and  moderately  diatending  tho  inteatine.     Gradu- 

1**"?  tbo  tension  of  the  mixture  firat  introduced  falla,  as  the  oil  losos  its  ether, 
""tli  tho  rate  of  absorption  into  the  blood  from  the  gut  no  longcr  balances  ex- 
'^'^lon  fi^oni  the  lungs,  whereupon  the  patient  enierges  from  anesthoaia. 
The  deptb  of  aucatbesia  muat  bo  gauged  and  the  upper  re8piratory  tract 
'"IA  open  by  a  competent  anesthetist. 
TECHKIC. — The  colon  is  first  tlioroughly  cleansed  by  catharats  and  enemats. 
f™  liour  hcfore  operation   Vi  to   Vi   grain  of  niorphin  with   atropin,  grain 
1/100,  is  givcn  hypo<Jernii(!ally.     Fiftf-rn   ininiilcs  tutcr  10  grains  of  chlore- 
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tone  in  1/»  ounce  eadi  of  etlier  and  oil  is  adniinistered  by  roctiim.  Fifteen 
niinntos  later  thronuh  a  sniall  rectal  tnbc,  \vitli  the  pationt  in  the  Sims'  posi- 
tion,  the  following  dose  is  adniinistered :  a  soliition  of  etlier  75  per  cent.  bv  vol- 
ume  in  olive  oil,  the  anionnt  being  1  onnee  of  the  niixtiire  to  each  20  pouiids  of 
bodv  weight,  in  total  not  to  exceed  8  ounces. 

Almost  immediatelv  ether  niav  be  deteeted  on  the  breath ;  in  about  10  min- 
utes  the  patient  beconies  drowsy  and  soniewhat  incoherent.  In  aboiit  20  minutes 
unconscioiisness  supervenes,  soon  passing  into  the  stage  of  light  anesthesia.  If 
the  patient  becoines  excited  and  breathes  deeplv  eliniination  of  ether  is  so  rapid 
that  anesthesia  may  not  appear.  I>y  this  slow  induction  the  specific  relaxant 
action  of  ether  on  the  volnntarv  miiscle  and  other  desirable  anesthetic  eflFects 
are  satisfactorilv  obtained. 

To  lighten  the  anesthesia  the  tidal  vohinie  of  respiration  is  increased  and 
elimination  of  ether  is  hastened  bv  inserting  a  Connell  breathing-tube  (see 
F^ig.  28).  To  deepen  anosthesia  diffnsion  of  ether  is  checked  by  muflling  the 
face  in  loose  layers  of  to\veling.  Shonld  an(>sthesia  grow  too  deep  the  oil  inix- 
tnre  inay  be  in  part  \vithdrawn  bv  a  rectal  tnbe,  and  the  diflFusion  of  the  re- 
mainder  checked  by  cold  saline  irrigation. 

Anesthesia  iisually  lasts  about  00  minutes,  after  which,  if  reqiiired,  .2  ounces 
of  fresli  mixture  should  be  given,  or  this  niethod  suppleniented  by  inhalation. 
Ten  minutes  before  the  termination  of  the  operation  the  residual  mixture  shoiild 
be  withdrawn  by  insertion  of  rectal  tube,  and  replaced  by  4  oimces  of  olive  oil. 

The  objections  to  the  method  are  the  occasional  discomfort  and  tenesmus 
before  anesthesia  appears;  evacuation  of  the  mixture;  the  impossibilitv  of  anes- 
thetizing  deeply  breathing  patients;  occasionally  an  iincontrollable  depth  of 
anesthesia;  distention  of  the  intestine;  gas  pains;  and,  rarely,  paresis  of  the 
anal  sphincter  following  operation. 

MiSCELLANKOUS    ^IkTIIODS    OF    EtHER    AdMINTSTEATION 

Ether  bas  bern  injrct(»d  into  the  musrlr  of  the  buttocks  and  thigh  and  suhcu- 
taneousJrj.  Also  it  is  rapidlv  absorbed  from  serotis  surface  such  as  the  peri- 
toneum,  as  proved  by  deepened  anesthesia  \vhere  ether  is  iised  to  cleanse  a 
tuberculous  peritoneum.    Xone  of  these  methods  promise  to  be  widely  used. 

Agents  Used  as  Ad.tuncts  to  Etiier  ix  Anesthesia 

The  Alkaloidal  Narcotics. — ^lorpliin  and  scopolamin  used  as  preliminaries 
to  ether  permit  the  initiation  of  the  asconding  stages  of  ether  anesthesia  with 
markedly  diminished  excitement.  Th(»  pationt  may  be  carried  through  an 
operation  under  lighter  anesthesia  th.an  is  possible  without  supplemental  nar- 
cosis,  and  may  be  more  readilv  carricvl  ropeatedlv  from  the  light  subconscious 
into  deeper  zones  of  ether  anesthesia  witli(nit  cough  or  respiratory  difficulty. 
nowever,  for  the  abolitiou  of  mnscular  rigi<lity  and  for  the  protection  of  nerve 
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centers  from  the  harmful  stimiilus  of  severe  operative  traimia  the  same  tension 
of  ether  is  required  as  withoiit  the  adjiinet  of  sueh  iiarcotics. 

These  narcotics  sniootli  the  coiirse  of  irrec^iilar,  inexpert  admiiiistration  of 
ether,  biit  by  combiiiation  with  nerve  tissue  more  stable  than  that  of  ether  and 
by  prolonged  depression  of  the  respiratory  center,  they  desensitize  the  res- 
piratory  center  in  the  higher  zones  of  ether  anesthesia.  These  dnigs  are  par- 
ticularly  badlv  borne  in  the  partial  a8phyxia  which  iisually  accompanies  the  in- 
expert  administration  of  ether.  The  more  efficiently  ether  is  administered  the 
less  advantage  can  be  derived  from  these  narcotics.  They  are  rarely  employed 
bv  the  skilled  anesthetist. 

Atropin,  while  not  a  narcotic,  is  of  distinct  advantage  in  inhibiting  the 
miicous  secretion  when  increascd  by  the  stimiihis  of  concentrated  ether  vapor. 
However,  with  the  expert  and  continiious  administration  of  ether,  stimulating 
concentration  nced  be  maintained  only  for  a  short  period  in  the  preliminary 
stage  of  cthcr  anesthesia.  Tlie  greatest  iitility  of  atropin,  therefore,  is  to  millify 
the  vicions  effect  of  imevenlv  administered  ether. 

DOSAGE. — The  iisual  dosage  of  preliminary  narcotic  is  Vi  grain  of  morphin 
with  1/100  grain  of  atropin,  administered  hypodermically  1  honr  before  anes- 
thesia. 

THE    USE    OF    NARCOTIC    ALKALOIDS    FOLLOWING    ANESTHESIA. — There 

can  be  no  question  of  the  vahie  and  advisability  of  alkaloidal  narcosis  to  supple- 
ment  and  continue  ether  analgesia,  i.  e.,  that  partial  analgesia  which  lasts  into 
the  third  hour  of  recovery  from  the  ether  zone  of  confusion.  For  this  purpose 
morphin  is  the  ciistomary  analgesic,  administered  hypodermica]ly  in  1/6  to  ^4 
grain  dose,  as  ether  analgesia  wears  oflF  and  the  patient  becomes  cognizant  of 
pain. 

Nitrons  Oxid. — Nitrous  oxid  as  a  preliminary  anesthetic  to  ether  is  the  most 
rapid,  pleasant,  and  effective  means  of  indiicing  ether  narcosis.  It  is  the  safest 
method  barring  one  risk,  namely,  that  of  asphyxia.  Asphyxia  freqiiently  arises 
in  the  inexpert  management  of  the  transi tion  from  one  anesthetic  to  the  other. 

TECHNIC. — The  Bennett  inhaler  is  a  popnlar  type  of  apparatus  for  this 
seqiience.  It  is  a  modification  of  the  Clover  type  of  inhaler.  In  this  apparatus 
the  gas  bag  is  filled  with  nitrons  oxid,  the  ganze  in  the  ether  chamber  is  charged 
with  about  1  oimce  of  liquid  ether.  With  the  ether  and  the  nitrous  oxid  closed 
off,  the  mask  is  adjiisted  to  the  face.  After  a  few  breaths  of  air  with  the  ex- 
piratory  valve  open  the  air  supply  is  ciit  off  and  nitrous  oxid  substituted.  After 
3  breaths  of  this  gas  the  expiratory  valve  is  closed  and  to  and  fro  breathing 
into  the  bag  is  instituted.  At  the  first  quickening  of  respiratorv  rhvthm  tlie 
ether  chamber  is  very  graduallv  opened,  so  that  the  gas  becomes  charged  with 
ether. 

This  is  the  stage  \vhich  marks  the  skilled  anesthetist  from  the  bungler. 
After  a  few  of  the  rapid  breaths  wliich  indicate  the  onsct  of  nitrous  oxid  anes- 
thesia a  small  whiff  of  air  must  be  allowed,  or  the  patient  will  become  cvanosed 
and  re8piratory  rhvthm  \vill  be  upset.    This  small  proportion  of  air  is  added  by 
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mcflnentarilv  opcning  the  air  val  ve  during  inspiration.  Leaking  apparatus  ox 
defc^etive  face  adjustment  of  the  mask  inay  allow  too  great  dilution  of  the  ga« 
aud  upset  the  smoothness  of  the  transition.  The  stage  of  asphyxia  should  bc 
beld  in  abevancc  and  nitrous  oxid  breathing  continued  until  the  percentage  oi 
cfther  vajKir  inounts  to  such  height  that  the  arterial  blood  goes  to  the  nervom.« 
t?ygtern  constantly  charged  to  proper  anesthetic  tension. 

Thiis  iH)  seconds  suffices  to  put  a  patient  to  the  peak  of  the  induction  cur«?'^ 
without  eonscionsness  of  the  odor  or  irritation  of  ether  vapor  and  without  e3K- 
citeincnt  or  halt  in  breathing. 

The  ether  chaniber  must  be  recharged  after  a  minute,  else  the  vapor  pr^a- 
sure  will  fall.  \Vhen  the  ether  vapor  is  on  to  the  fuU  capacitv  of  the  apparatiJi.s 
the  gas  bag  is  removed  and  the  air  rebreathing  bag  is  substituted.  The  dosag« 
o{  ether  miist  be  maintained  until  the  onset  of  surgical  relaxation,  otherwi8e  th.« 
arterial  blood  and  nervous  svstem  drop  into  the  zone  of  confusion.  If  the  per- 
centage of  ether  be  diminished  excitemcnt  and  irregular  breathing  and  poorlj 
achieved  induction  of  anesthesia  result. 

A  method  by  which  nitrous  oxid  anesthesia  is  merged  into  ether  narcoais 
with  less  risk  of  asphyxial  symptoms  even  in  inexperienced  hands  is  that  of 
Gwat1imey,  The  essential  feature  is  that  ether  is  added  to  the  nitrous  oxidl>j 
the  vapor  method.  For  this  method  the  mask  is  adjusted  and  nitrous  oxid 
anesthesia  institutcd.  By  a  hand  bulb  or  foot  pump  air  is  forced  through  ai^ 
ether  bottle  and,  becoming  laden  with  strong  vapor,  is  delivered  by  tubing  iato 
the  gas  bag.  Ether  is  thus  added  more  gradually  and  is  under  better  control 
than  with  the  Bennett  apparatus,  and  at  the  same  time  air  is  introduced  in  anj 
desired  quantity,  thus  avoiding  asphyxia.  Not  less  than  3  liters  of 
fresli  air  per  minute  should  be  supplied,  and  after  the  first  few  minutes  5  to 
8  liters. 

Nitrous  Oxid-Oxygen. — Best  Method, — Nitrous    oxid-oxygen   anesthesia   ^^ 
fully  established,  then  gradually  full  ether  anesthesia  is  substituted.     Thus  the 
advantages  of  both  anesthetics  are  secured  and  the  disadvantages  of  each  »^ 
eliminated.    If  the  substitution  be  gradual,  over  15  minutes,  the  vapor  pressuTC 
of  ether  need  not  exceed  90  mm. ;  a  toxic  zone  of  ether  is  at  no  time  entered ;  the 
oxygen  percentage  may  be  kopt  high,  i.  e.,  12  to  16  per  cent.,  and  there  is  ^^ 
stimulation  of  mucous  secretion  by  high  levels  of  ether  vapor.     When  an^^ 
thesia  reachcs  that  stage  whcre  20  per  cent.  of  oxygen  causes  no  retura   ^^ 
sonsibilitv  then  air  may  be  substituted  for  the  nitrous  oxid-oxygen  gases,  ft^ 
ether  anesthesia  continued  by  any  method,  preferably  vapor  delivery  by  pharj*^' 
geal  insufflation. 

Chloroform. — Sincc  anesthesia  can  be  secured  more  rapidly,  quietly,  ar^^ 
\vith  less  discomfort  bv  chloroform  than  by  ether,  chloroform  is  occasionall-^, 
cliosen  to  institute  primary  anesthesia,  and  this  is  gradually  merged  into  fu^ 
ether  anesthesia. 

Such  dangcrs  as  attend  this  method  are  those  incident  to  the  early  stage  o^ 
pure  chloroform  anesthesia,  but  thcse  may  be  in  some  measure  obviated  by  an 
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early  substitution  of  the  stimulative  action  of  ether  for  the  depressing  efFects 
of  cLlorofomi  on  the  heart  muscle. 

This  method  is  simpler  but  is  miich  less  agreeable,  less  rapidly  effective,  and 
not  80  safe  as  the  nitrous  oxid-ether  seguence.  (However,  the  statistics  of 
Gwathmey  8how  a  lower  mortalitj  than  for  nitrous  oxid-ether.) 

TECIINIC. — The  administration  of  chloroform  is  begun  by  the  drop  method 
OD  an  open  mask.  After  the  first  few  drops  ether  is  added ;  gradually  the  pro- 
portion  of  ether  is  increased  and  that  of  chloroform  diminished,  until  by  the 
end  of  6  to  8  minutes  full  anesthesia  has  been  achieved  with  expenditure  in 
total  of  not  more  than  2  drams  of  chloroform  and  of  1  to  2  ounces  of  ether. 

A  more  eflFective  method  is  by  vapor  delivery  into  a  closed  inhaler.  This, 
hoi^rever,  requires  great  čare  in  controlling  the  chloroform  vapor  from  over- 
concentration,  i.  e.,  in  excess  of  3  per  cent. 

£tliyl  Chlorid. — To  carry  the  paf  ient  rapidly  and  quietly  over  the  period  of 
cortical  disassociation  this  very  effective  lipoid  solvcnt  may  bc  employed.  Be- 
fore  the  dangers  of  ethyl  chlorid  were  fully  appreciated  this  sequence  was  car- 
ried  on  in  a  closed  inhaler  by  rebreathing.  The  only  relatively  safe  method  in 
the  average  hands  is  the  open  method. 

TBCHNIC. — An  open  inhaler  of  the  Esmarch  type  is  seated  on  the  facc 
and  well  enveloped  at  the  periphery  in  toweling.  On  the  gauze  1  or  2  c.  c.  of 
ethvl  chlorid  is  sprayed  over  the  first  five  inspirations.  A  few  drops  of  ether  are 
now  added.  Gradually  the  ether  is  increased  with  an  occasional  momcntary 
8pray  of  ethyl  chlorid.  After  2  minutes  the  ethyl  chlorid  is  discontinued  and 
^her  anesthesia  progresses  into  the  higher  zones  as  by  the  drop  method.  A  total 
^i  4  C.  C.  of  ethyl  chlorid  usually  suffices. 

OHLOBOFOBM 

Introdnction. — Chloroform  in  physical  properties  is  a  most  effective  agent 
^or  indueing  complete,  controllable  general  anesthesia.  It  volatilizes  well,  dif- 
fiises  rapidly  from  pulmonary  air  to  blood,  and  from  blood  to  nerve  tissue,  and 
^^soactive  a  solvent  in  the  neuron  that  a  lo\v  vapor  content  in  the  pulmonary  air 
^tabliahes  and  maintains  a  proper  state  of  anesthesia.  Were  it  not  for  ccrtain 
hmitations  in  chemical  stability  and  toxic  action,  chloroform  would  be  the  an- 
^hetic  of  imiversal  choice.  Thus,  in  chemical  structure,  chloroform  is 
^stable,  being  decomposed  by  light,  heat,  and  age  into  highlv  toxic  products ;  in 
P^Vfiiological  action  it  is  an  earlv  and  cumulativc  paralyzant  of  heart  muscle 
^^^  a  primary  depressant  of  blood  pressure ;  and  in  remote  toxic  effect  on  the 
P**^iich\Tna  of  important  organs,  such  as  the  liver  and  kidnev,  it  results,  after 
P^lon^red  or  repeated  dosage,  in  late  destructive  degeneration  of  the  cells  of 
"^^8e  organs.  Therefore,  despite^  the  ideal  physical  qualities  in  vaporization, 
"^ffiision,  and  solvent  action,  because  of  inherent  vicious  properties  chloro- 
f^^n  has  been  largely  supplanted  for  full  general  anesthesia  bv  ether,  and  for 
traii8itory  and  for  8hallow  general  anesthesia  by  nitrous  oxid. 
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Accordiup:  to  the  liost  Piihstantiated  thoory,  chloroform  acta  by  a  solvent  aotion  on 
the  lij)oi(l  rontont  of  tho  nourons,  siinilar  to  the  aotion  of  ethor.  In  this  solvent 
action  it  ip  niiich  moro  iK>worful  thaii  othor,  havin^  a  partition  cocfficient  between 
oil  and  \vator  of  alK>ut  *V'^,  as  ajrainst  (»thor,  4.5.  Chlorofonn  is,  thorcforo,  7  1/3  times 
more  powerful  tlian  othor.  For  full  anesthesia  in  man  it  niust  be  prc?8ent  in  the 
phisma  of  tlio  arterial  l)loo(l  to  tho  oxtont  of  1/40  to  1/60  per  cent.  The  lipoids  of 
tho  Tvd  oolls  liokl  a  nnicli  hiphor  poroontape  a  t  the  same  vapor  tension. 

Tho  amount  of  chlorofonn  that  must  ho  prosont  in  the  tidal  air,  to  establish  and 
maiutain  this  porcontage  in  the  blood,  risos  dnring  the  induction  stage  from  2  to  3 
per  oont.  h,v  volumc  in  tho  air,  or  a  vapor  prossure  of  abont  20  mm.  The  amount 
noco88ary  aftor  anestliosia  is  established  gradnally  falls,  as  the  anesthetic  tension  of 
tho  l)ody  is  ostablished,  to  about  iVo  per  (?ont.,  or  11  mm.,  gradually  scalinfi^  down 
tliroiigh  prolonged  anestliesia  to  slightly  less  than  1  per  cent.,  or  about  7  mm.  of 
vapor  pressure. 


PnYSIOT,OGICAT.    AcTION    OF    (■IILOROFORNf 

Chloroform  as  an  Irritant  Compared  witli  Ether. — Chlorofonn  is  1ocaIly  a 
marked  irritant  to  epitheliuni.  If  liqiiid  chlorofonn  or  the  concentratoil  vapor 
be  hcld  in  contact  \vith  normal  skin,  blistering  and  contimied  inflainmation  rc- 
sult.    In  this  lasting  irritant  action  chloroform  diffcrs  markedly  from  ether. 

In  the  niaxinuini  vapor  concentrations  (i.  e.,  »J  per  cent.  by  voliime)  ncedcd 
to  institute  aiiesthesia  cliloroform  does  not  stimnlate  the  secretion  of  mucus  so 
much  as  do  those  percentaf!:es  of  ether  which  aro  neces8ary  to  iuduce  anesthesia 
(i.  e.,  15  to  24  per  cent.  by  volunie).  (chlorofonn  in  amonnts  reqniTcd  for 
anesthesia  probablv  canses  no  lasting  damage  to  the  epithelium  of  tlie  respira- 
torv  tract.  As  \vith  ether,  tlioso  pnlmonarv  seipiela;  occa8ionally  obsei^ed  are 
resultant  not  so  nmcli  from  direct  irritation  as  from  various  aspiration  acci- 
dents  and  from  the  exposnre  and  depression  of  general  anesthesia  and  of 
operative  tranma. 

When  the  parenclivma  of  otlicr  vital  or^ans,  prominently  the  liver  and  kid- 
nevs,  is  considered,  chloroform  in  anesthetic  dosage  is  fonnd  aftor  lon^-con- 
tinuod  or  repeated  administration  to  be  a  drastic  celi  poison  indiicing  exccasive 
degeneration.  On  the  otlier  hand,  ether  at  its  wor8t  canses  only  a  transitorv 
pareuchvmatons  dcg(»neration. 

The  Effects  of  Chloroform  on  Body  Funotion. — RESPIRATION. — Chloroform, 
like  other  volatile  irritants,  in  the  respiratorv  tract  canses  depth  and  freqnency 
of  respiration  continning  into  the  sta<i:c  of  fnll  snrgical  anesthesia.  The  respira- 
torv center  then  becomes  graduallv  depressed  and  the  respiratory  movement 
grows  moro  shallow.  This  stinnilation  and  snbseqnent  depression  are  not  so 
marked  as  with  ether. 

CIRCULATION. — On  first  inhalation  chloroform  indnces  an  increase  in  the 
force  and  frequencv  of  the  heart  beat  and  a  slight  rise  of  blood  pressure,  largelv 
becaiise  of  the  volatile  irritant  action  of  the  dnig.  Soon  the  eharacteristie  effect 
of  chloroform  is  manifested,  nan^elv,  that  of  a  primary  paralvzant  of  heart 
muscle.    The  piilse  becomes  full  and  sof t,  the  blood  pressure  falls  abont  20  mm., 
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the  heart  remains  slightly  accelerated  or  drops  back  to  normal  rate,  and  the  beat 
of  the  heart  is  less  forcible.  The  heart  in  light  ehloroform  anesthesia  is  more 
readilv  inhibited  by  vagus  stimulation  than  the  normal. 

In  toxic  gradiial  overdosage  the  pulse  becomes  weak  and  small.  The  rate 
mav  be  increased  or  fall  below  normal.  The  blood  eollects  in  the  splanehnic 
area,  the  heart  becomes  slow  and  feeble,  the  jactitation  marking  tissiie  asphyxia 
may  appear.  Then  the  pulse  becomes  imperceptible,  respirations  become  shal- 
low  and  cease.  Finally  the  automaticity  of  the  heart  muscle  is  at  an  end. 
Death  is  primarily  one  of  circulatory  failure. 

In  sudden  overdosage  caused  by  breathing  concentrated  vapor  the  heart  may 
be  arrested  within  a  few  breaths,  the  color  blanches,  the  patient  gasps  and  dies 
(see  Accidents:  Heart  Failure). 

SENSORIUM. — Nerve  activity  is  suspended  in  the  various  levels  in  the  same 
order  as  in  ether  anesthesia.  Consciousness  is  abolished  with  less  excitement 
and  8lightly  more  rapidly  than  with  ether.  In  chlorofonn  dosage  the  same 
zones  of  anesthesia  exist  as  with  ether,  but  the  low  zones,  i.  e.,  the  subconscious 
zones,  are  more  dangerous  on  account  of  sudden  cardiac  inhibition  by  vagus 
stimulation,  and  the  high  zones,  the  deep  and  profound,  are  more  dangerous 
than  those  equally  anesthetic  in  ether  dosage  on  account  of  lo\v  blood  pressure, 
cireulatorv  insufficiencv,  and  cardiac  failure.  The  medium  zoneyields  a  quiet 
relaxed  anesthetic  state  with  protection  from  hannful  traumatic  stimuli  of 
o[)crative  procedure,  but  without  the  sustaining  stimulation  of  ether  and 
nitrous  oxid. 

£xcretion  of  Chloroform. — Chloroform  is  excreted  largely  by  diffusion  into 
the  air  of  the  pulmonary  alveoli.    A  small  amount  is  broken  up  in  the  body. 

Clinical  Coukse  of  Chloroform  Anesthesia 

First  Stage  or  Stage  of  Conscious  £xcitement:  Period  of  Cortical  Disassocia- 
tion. — The  mild  8weetish  taste  and  agreeable  odor  of  dilute  chloroform  vapor 
cause  no  unpleasant  sensation  as  do  the  taste  and  odor  of  ether.  The  breathing 
grows  more  full,  the  skin  is  flushed  and  moist,  and  articulation  becomes  8lightly 
incoherent.  Usually  with  very  little  excitement  the  patient  becomes  uncon- 
scious  within  3  to  5  minutes  from  the  first  inhalation.  Athletic  subjects  and 
those  accustomed  to  the  various  narcotics  may,  however,  show  marked  excite- 
ment. 

Second  Stage  or  Stage  of  Involuntary  £xcitement :  Period  of  Subconscious  Dis- 
association. — The  skin  may  become  less  or  more  flushed,  it  remains  moist. 
There  is  slight  acceleration  of  pulse  and  of  breathing.  The  pupil  is  apt  to  be 
dilated  and  reacts  actively  to  light.  Spasm  of  the  muscles  of  the  jaw  or  glottis 
and  fixation  of  the  chest  and  abdomen  mav  be  noted  in  resistant  subjects.  This 
irregularitv  of  breathing  must  be  met  bv  free  allowance  of  air,  as  the  patient 
under  chloroform  bears  asphyxia  badlv  and  aboiit  half  the  fatalities  oc»eur  at 
this  stage.     It  is  imperative  for  safe  chloroform  iiuluction  that  the  anesthetist 
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should  know  tlie  theory  and  practice  of  relieving  obstruction  in  the  upper  air- 
way. 

A  period  of  falso  ancsthesia  is  oceasionallv  noted,  i.  e.,  the  patient  become? 
qiiiet,  tlie  iniiscles  relax,  the  eolor  becomes  pale,  and  the  piilse  small.  Vomitini; 
usuallv  follows,  after  whieh  the  eolor  returns  and  indiiction  of  anesthesia  mav 
proeeed. 

Soon  the  breathing  grows  ronghened  or  slightlj  stertorons,  the  mnselei; 
rehix,  and  the  patient  passes  into  the  third  stage  of  anesthesia. 

Third  Stage  or  Stage  of  Surg^cal  Anesthesia :  Period  of  Spinal  and  Basal  Dis- 
association. — This  differs  in  no  wise  froni  the  stage  of  fiill  surgieal  anesthesia 
with  ether,  except  that  the  skin  is  less  flushed  and  less  moist,  the  breathing  is 
more  quiet,  and  respiratorv  obstruction  in  the  upper  airway  less  in  evidence. 
The  pupil  unifonnly  reinains  moderatolv  contraeted,  the  pulse  is  slower,  and 
blood  pressuro  20  to  40  mm.  lo\vor  than  with  other. 

Fourth  Stage  or  Stage  of  Overdosage:  Period  of  Hedullarj  Disassociation. 
— Tlie  pupil  dilates  and  becomes  inscnsitive  to  light,  the  tension  of  the  eyeball 
diminishes,  the  eolor  of  the  skin  and  mucous  mend)ranes  grows  pallid,  with  slight 
cvanosis,  blood  pressure  drops  and  the  pulse  becomes  imperceptible.  Finallv 
the  circulation  becomes  insufficicnt  to  maintain  life,  breathing  ceases  and 
in  a  fo\v  minutos  the  automati(».  action  of  the  heart  is  at  an  end.  This  stage 
mav  rapi(lly  follow  slight  overdosage,  namelv,  a  half  minute  of  concen- 
trated  vapor. 

Fifth  Stage  or  Stage  of  Recovery:  Period  of  Inverse  Reassociation. — The 
various  levels  are  passed  through  in  the  same  order,  though  more  rapidly  than 
after  ether  administration.  After  full  chlorofonn  anesthesia  the  light  zone  is 
entercd  in  about  3  minutes,  the  subconscious  zone  in  about  6  mimites,  the  light 
sulK^onscious  zone  in  about  15  minutes,  and  the  zone  of  confusion  in  20  to  30 
minutes.    Sonmolence  and  analgesia  are  less  marked  than  with  ether. 

Teciinic  of  Administration  of  Ciilgegfoem 

Chloroform  should  bo  administered  only  by  the  open  drop  and  by  the 
vapor  methods.  Closed  rebreathing  methods  in  chlorofonn  are  dangerous  and 
liave  be<*n  largely  abandoned,  since  toxic  concentration  by  the  closed  methods 
quickly  occurs,  and  the  asphyxia  from  rebreathing  is  ill  borne  by  the  circulatory 
mechanism. 

Open  Drop  Hethod. — The  simplest  inhaler  is  in  the  form  of  a  wire  mask  of 
the  Esmarch  tvpo  covered  bv  scveral  lavcrs  of  i»auze. 

The  eves  are  protected  bv  a  pad  of  gauze,  the  face  and  lips  aro  greased  with 
petrolatum,  the  mask  is  adjusted  loosclv.  Administration  is  begun  bv  the 
drop,  at  first  a  drop  everv  fow  secoiids,  incroasing  as  soon  as  the  patient 
becomes  used  to  the  pleasant  s\veetish  odor,  first  to  1  and  finally  to  2  or  3  drops 
per  second.  The  rate  depen<ls  on  the  vol  ume  of  ti  dal  air  of  the  individiial 
respirations,  and  on  the  loss  bv  diffusion,  \vlii(!h  is  determined  by  whether  the 
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mask  18  loosely  or  tightly  seated,  and  whether  it  is  frce  or  enveloped  in  a  layer 
of  gaiize  or  toweling. 

The  dcliverj  mnst  be  even  in  rate  and  by  tlie  drop.  Chloroform  should 
never  bc  doiiched  onto  the  mask.  It  is  imperative  that  the  dosage  be  not  in- 
creased  in  periods  of  excitement.  With  ether  the  anesthetic  may  be  safely 
crowded  at  such  periods,  biit  with  chloroform  the  margin  of  safety  is  small.  A 
toxic  percentage  8uddenly  overcoming  the  cireulatory  mechanism  may  resiilt  in 
its  abriipt  cessation.  With  the  onset  of  slight  in8piratory  roiighening  the  dosage 
is  gradiially  diminished,  nntil  a  level  is  reached  on  which  the  state  of  anesthcsia 
remains  imchanged.  With  the  average  respiratory  capacity  and  by  the  Esmarch 
mask  this  level  is  U8ually  aboiit  1  drop  of  chloroform  every  2  to  4  seconds.  With 
children  or  others  of  small  tidal  capacity  the  dosage  is  proportionatc.  The  de- 
liverv  shoiild  not  be  entircly  siispended  until  recovery  is  desired,  as  the  patient 
finallv  reaches  a  tension  of  anesthetic  equilibrium,  as  with  ether,  on  which  even 
ancsthesia  proceeds  for  many  honrs. 

Vapor  Hethods. — In  this  method  the  chloroform  is  vaporized  at  a  distance 
f rom  the  patient  by  a  current  of  air  and  is  conveyed  to  closed  or  open  face  mask. 
After  anesthesia  has  been  established,  the  vapor  may  be  insiifflated  directly  into 
the  pharynx  or  trachea  of  the  patient.  This  delivery  has  the  advantage  over  the 
drop  method  of  being  more  controllable,  particiilarly  if  the  delivery  be  con- 
tinuoiis  and  the  chloroform  vapor  be  diluted  with  a  bulk  of  air  siifficient  for 
the  tidal  volume. 

The  methods  of  vapor  delivery  are  two,  the  interrupted  and  the  continuous. 

INTERRUPTED  METHOD  OP  VAPOR  DELIVERT. — In  the  interrupted  method 
of  vapor  delivery  a  small  quantity  of  air  is  blown  over  or  throngh  liqiiid  chloro- 
form. The  air  is  impelled  by  a  hand  biilb  or  small  foot  pump.  The  impreg- 
nated  air  is  then  delivered  to  and  aecumulates  in  an  open  mask  over  the  pa- 
tient's  face.  The  small  volume  of  concentrated  vapor  is  here  diluted  by  the 
tidal  volumes  of  respiration.  The  anesthetist  govems  the  quantity  and  con- 
centration  delivered  by  the  reaction  of  the  patient  to  the  dosage.  After  anes- 
thesia is  established,  the  delivery  may  be  made,  for  head  cases,  into  the  nosc, 
or  into  the  pharvnx  by  nasal  or  by  mouth  tube  and  the  vapor  here  diluted  and 
niixed  with  the  tidal  air.  Except  for  the  convenience  of  ridding  the  operative 
field  of  the  cumbersome  face  mask  in  head  cases,  this  delivcry  has  no  advantage 
over  the  drop  method. 

The  usual  vaporizer  is  patterned  after  that  of  Junker,  i.  e.,  for  the  air 
supplv  a  double  atomizer  bulb;  for  the  vaporizer  a  graduated  bottle  with  t\v(>- 
way  stopper  through  which  the  air  passes  either  over  or  through  chloroform, 
and,  third,  the  delivery  tubing.  The  vaporizing  capacity  of  each  apparatus 
must  be  leamed  by  experience. 

For  induction  in  the  first  5  minutes  usuallv  1^^  drams  of  chloroform  is 
va]K)rized,  in  the  second  5  minutes  ^/\  dram,  through  the  second  10  minutes 
about  1  dram  and  through  the  next  V^  hour  about  1  dram.  This  amount  is 
modified  to  fit  various  exigencies  of  changing  tidal  volumes. 
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CONTINUOUS  METHOD  OF  VAPOR  DELTVERY.— The  COlltiimous  method 
plovs  a  coiistant  streani  of  air  or  otlier  gas,  such  as  oxygen,  llowiiig  over  chlor 
fomi.  Any  portion  of  the  air  stream  inay  be  shimted  around  the  chlorofom::!., 
seciiriug  therebv  any  desired  raodificatiou  in  the  percentage  of  vapor  borne  1>^ 
the  air. 

The  method  becomes  more  effieient  the  larger  the  volume  of  air  delivere<3 
and  the  greater  the  dihition  of  the  chlorofonn  vapor.  At  the  point  wher©  ali  a£  3r 
needed  for  tidal  volume  is  charged  with  the  minimal  amount  of  chlorofomKi 
noeded  to  induce  and  maintain  full  anesthesia  this  delivery  becomes  the 
evcn  and  effieient  method  of  chloroform  delivery. 

AppARATrs. — As  a  sonrce  of  air  8nj>ply,  a  foot  bellows,  or  preferably 
mechanicallv  driven  small  air  compressor,  is  the  most  effieient  portable  a 
paratus.  As  a  vaporizer,  the  Gwathmey  bottle  is  iiseful  since  with  this  am^^ 
portion  of  the  air  mav  be  blown  across  or  be  shunted  aronnd  the  chlorofonmi. 
C^ompressed  oxy^en  may  be  used  as  the  vehiele.  The  smoothness  of  anesthesisi 
seoms  to  depend  npon  an  oven  flow  of  oxygen  to  deliver  au  even  percentage  oi 
chlorofonn,  rather  than  npon  anv  cffect  of  the  gas  itself. 

TEcnMf. — For  indnction,  anv  tvpe  of  closed  faco  mask  may  be  conneete<3 
to  the  delivery  apparatus.  The  brcathing  bag  is  filled  with  dihite  vapor,  i.  (5-, 
less  than  1  per  cent.  A  flow  of  frcsh  vaj)or  and  air  at  the  rate  of  5  liters  pc^T 
minute  is  established  and  the  percentage  soon  raised  to  between  2  and  3  pc3T 
cent.  The  volume  of  deliverv  is  increased  to  at  least  8  liters  or  a  volume  suflf*' 
cient  to  fill  a  2-gallon  bag  within  fiO  seconds.  This  quantity  of  frcsh  air  shoul^ 
flow  continuouslv,  othenvise  an  element  of  asphyxia  enters  into  the  chloroforr^^ 
anesthesia.  Exact  strengths  of  chlorofonn  vapor  may  be  automatically 
j)ared  and  ineasurod  by  the  anesthctometcr.  With  the  onsct  of  anesthesia  tb- 
vapor  strcngth  is  lesscncd  until  a  line  of  cipiilibrium  is  reached.  With  clilo: 
fonn  this  is  not  so  wcll  established  as  with  other,  but  is  8omewhere  betwee: 
5  and  11  mm.  of  vapor  pressure. 

After  indnction,  if  desired,  the  deliverv  niay  be  changed,  as  with  ethcr, 
the  pharvngcal  or  intratracheal  tvpe,  delivering  a  volume  of  18  liters  pe: 
minute  of  the  same  strcngth  of  vapor  as  by  face  nnisk  methods. 

NITBOUS    OXID 

The  anesthetic  value  of  nitrous  oxid  gas  was  discovered  by  Well8  in  1843. 
Since  that  timc  it  has  beconio  the  anesthetic  of  choice  for  short  operations,  when 
safe,  light,  transitorv  anesthesia  is  desired.  In  the  last  2  decades  the  use  of 
nitrous  oxid  has  been  extended  to  anesthesia  for  prolonged  operations,  by 
adding  to  the  rcspired  gas  a  proper  percentage  of  pure  oxygen. 

Tfitrous  oxid  fNoO)  is  a  stable,  non-irritating,  non-toxic  gas,  of  8weeti8h 
taste  and  odor.  Tt  is  formed  in  the  decomposition  of  ammonium  nitrate  by 
brat.  Small  plants  for  the  manufacture  of  the  gas  are  on  the  market.  The  gas 
so  obtained  is  somewliat  cheaper  and  less  liable  to  contain  toxic  by-products 
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than  the  gas  of  commerce.     The  commercial  product  is  obtainable  as  a  liquid, 
stored  in  portable  steel  cjlinders  under  vapor  tension  of  about  760  pounds. 

Phtsiological  Action  of  Nitrous  Oxid 

Introduction. — Nitrous  oxid  is  supposed  to  act  as  an  anesthetic  chiefly  by 
decreasing  the  oxygenation  of  the  nerve  tissue.  It  accomplishes  this  both  by 
displacing  oxygen  from  the  respiratory  tract  and  possibly  by  loose  combination 
with  the  hemoglobin  of  the  blood.  Additionally  there  is  a  direct  anesthetic 
interference  of  unknown  nature  with  the  functional  activity  of  tlie  neuron. 

The  objective  in  the  administration  of  nitrous  oxid  is  that  the  highest  ten- 
sion of  the  gas  possible  be  maintained  in  the  body.  Of  necessity,  at  the  same 
tirne  80  much  oxygen  mnst  be  allowed  to  reaeh  the  blood  and  neuron  as  will 
keep  the  flame  of  subconscious  exi8tence  alight,  and  siich  a  fresh  tidal  volume 
mnst  be  supplied  as  will  adeqnately  wash  from  the  respiratory  tract  gaseous 
excrement  such  as  carbon  dioxid. 

Phy8iolo£nical  and  Toxicolog^cal  Action  of  Nitrous  Oxid  TJndiluted. — On  in- 
haling  the  pnre  gas,  one  experiences  within  2  full  breaths  a  general  sense  of  ex- 
pansion  and  a  desire  to  inflate  the  lungs.  Then  come  a  peculiar,  pleasurable 
"thrill"  and  a  ringing  in  the  ears.  Within  4  to  6  breaths,  consciousness  is  lost. 
A  transitory  period  of  subconscious  excitement  is  now  passed  through,  which 
gives  way,  within  from  10  to  15  inspirations,  or  usually  within  1  minute,  to 
rapid,  full  breathing,  followed  in  the  second  minute  by  deepening  cyanosi8, 
partial  relaxation,  and  complete  general  anesthesia. 

Full  anesthesia  is  usuallv  established  by  the  thirtieth  breath  or  within  2 
miniites,  although  no  rule  as  to  time  can  be  laid  down,  since  many  variable 
factors  enter,  such  as  the  depth  and  frequency  of  respiration  and  the  reserve 
oxygen  capacity  of  the  blood.  The  most  reliable  indication  of  anesthesia  is  the 
(juickened,  irregular  rhythm  and  deepening  of  respiration  together  with  the 
oiiset  of  stertorous  inbreathing.  Deep  snoring  occasionally  occurs,  or  the  breath- 
ing may  become.slow  and  shallow  witli  labored  expiration.  In  this  stage  the 
j>iilse  is  quickened  about  20  to  40  beats  per  minute,  and  the  blood  pressure 
iiicreased  30  to  60  mm. 

At  the  first  sign  of  anesthesia,  a  short  surgical  operation  may  be  proceeded 
\vith.  For  dental  operations  the  subject  is  allowed  to  proceed  about  4  breaths 
iiito  the  stertorous  and  a8phyxial  stage. 

If  atmospheric  air  or  oxygen  be  now  breathed,  the  color  rapidlv  becomes 
iiormal.  The  state  of  anesthesia  persists  for  about  40  seconds  after  discon- 
tinuing  the  anesthetic.  This  is  followed  by  a  period  of  confnsion  and  excite- 
iiient  (the  ^iaughing  gas"  stage),  \vliicli  may  last  20  seconds  to  2  minutes. 
Xaus(^a,  vertigo  and  headache  may  novv  follo\v,  usuallv  being  of  transitory 
cl  I  a  rac  ter. 

OVERDOSAGE  OP  NITROUS  0X1D.^— Tf  the  uiidiluted  anesthetic  be  con- 
tinued,  the  color  becomes  livid,  the  niuscles  stitfen,  jactitation  of  aspliyxia  ap- 
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pear3,  respiration  grows  more  labored  and  stertoroiis.  The  pupil  dilatcs  widely, 
the  rapid  puKsc  becomcs  slow  and  thc  heart  actiou  irregiilar  and  labored,  the 
blood  risea  (H)  to  100  mm.,  then  bcgins  to  fall,  the  color  tums  a  dark  bluish 
gray,  the  ja\vs  and  thoracic  miisclc  become  lixed  in  tonic  spasm,  the  epiglottis 
is  aspirated  tightlv  ovcr  the  glottis  aperture,  and  the  thoracic  muscle  becomes 
lixcd  in  tonic  spasm.  The  heart  becomes  dilated,  but  continiies  forceful  work  for 
a  fc\v  minutes,  during  which  tirne  resuscitation  mav  be  accomplished  if  the 
asphyxia  be  relieved,  otherwi8e  death  rapidlv  ensiies.  Even  in  the  first  stage  of 
overdosage,  cardiovaseiilar  strain  mav  resiilt  in  permanent  lesions  to  heart  and 
arteries. 

If  air  or  oxygen  be  allowed  before  the  heart  action  ceases,  resuscitation 
takes  plaeo  spontanoouslv,  sinee  the  respiratorv  mechanism  usiially  makes  the 
last  gasp  which  relieves  the  asphyxia,  and  results  in  return  of  the  respiratorjr 
rhvthm.  However,  the  epiglottis  mav  be  sncked  tightly  by  violent  inspiratorv 
effort  into  the  chink  of  the  glottis.  Death  froni  asphyxia  follow8  if  the  condi- 
tion  be  not  relievcd.  The  relief  is  afforded  mechanically  by  raising  the  epi- 
glottis, preferablv  by  grasping  the  lingiio-cpiglottic  ligament  between  2  fingers 
and  carrving  the  entire  base  of  the  tongiie  forward.  Bnt  this  maneuver,  as 
well  as  artitieial  respiration,  is  difficult  on  aecount  of  the  tonic  spasm  of  the 
jaw  and  thorax  muscles.  This  respiratorv  spasm  is  less  marked  in  asphyxia 
of  gradnal  onset. 

By  proper  admixturo  of  air  and  anesthetic  the  asphyxial  stage  is  held  in 
al>eyance.  This  reqnires  30  per  cent.  of  air.  However,  by  this  large  dilution, 
chietlv  with  inort  nitrogen,  the  tensioii  of  nitrous  oxid  in  the  blood  is  so  lowered 
that  irreguhir  and  unsatisfactorv  anesthesia  resnlts.  If,  however,  pnre  oxygen 
gas  he  the  dihient  in  phiee  of  air,  the  tension  of  the  nitrous  oxid  may  be  kept 
nnicli  higher  and  at  the  same  time  oxygenation  is  more  perfectly  controlled. 
For  continuance  of  life  onlv  <»  or  7  per  cent.  of  oxygen  is  required  by  normal 
man  in  the  tidal  gases,  agjiinst  30  per  cent.  of  air. 

Phy8iological  Action  of  Nitrous  Oxid-Oxygen  Mizture. — On  inhaling  nitrous 
oxi<l  mixod  with  (»  to  8  por  cent.  bv  vohune  of  oxygen,  the  normal  man  ex- 
periences  lov^  sense  of  general  expansion  than  on  inhaling  pure  nitrous  oxid. 
Ali  the  svmptoms  of  anesthesia  come  on  lesa  rapidlv,  and  the  anesthetic  stage 
is  reached  \vithout  the  svmptoms  of  asphyxia  \vhich  mark  the  inhalation  of 
puit*  nitrous  oxid.  Meniorv  is  lost  in  about  \'2  inspirations.  Analgesia  is  now 
present  even  In^fore  the  sulH»onsi*iousness  zone  is  entered.  Xext  a  slight  stage 
of  sulH»ons(»ious  excitenient  is  paast^  through,  wlnoh  gives  way  in  about  4  to  C 
minutes  to  light  surgical  anesthesia.  Sui>erticial  reflexes  mav  be  present  for  15 
minutes  or  persist  through  prolongt^l  ojK^ration.  The  deep  reflexes  are  never 
alHihsluHl,  and  musiMihir  rehixation  dot»s  not  luvome  complete.  Suspension  of 
function  in  the  lo\ver  retlex  motor  and  sensorv  eenters  is  not  to  be  achieved  in 
normal  man  bv  nitrous  oxid,  unless  supplementod  by  a  basic  narcotic,  by  a 
hvdrorarbon  anesthetic,  or  bv  an  undesirable  degree  of  asph\'xia. 

The  breathing  luuler  nitrous  oxid  oxygen  is  full,  rc^ilar,  and  of  moderatelv 
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increaseil  rate,  wil.h  siiglit  iiispiratory  rongheiiiiig.  It  becompg  exaggoratoil 
miiier  Btimulatiim  of  tlie  trauiiia  of  operative  praceilure,  or  Lv  carbon  dioxid 
SMviaiolatidn  resultant  froin  i'epeatetlly  robreatbing  espired  gnaee.  Tho  breath- 
ingmay  aiso  l)ecoine  of  excited  charaeter  in  very  ligbt  aiiestheBia. 

The  pulse  is  of  uioderatelv  increaaed  rate,  of  full  quality  and  iisiia!ly  of  5 
to  20  mm.  increascd  preasiire.  The  pressiire  is  increased,  not  bv  the  actiim  of 
nitroua  oxid  itaelf,  biit  by  sligbt  asphyxia  and  rctention  of  carbon  dioxid  so  com- 
iiianly  present.  With  full  oxygciiation  and  witb  a  sufficiencv  of  fresh  gases, 
there  is  little  or  no  riae  in  blood  pressnre.  Under  thls  aneBthetie  the  preaaiire 
remsins  wcll  snstained  despite  heuiorrhage,  traiima,  and  otber  depresaants  of 
lilood  pressnre,  so  long  as  tbe  anesthetic  be  continucd.  Tbe  blood  veasels  are 
eiigorged  nnd  bleed  exees3ively  in  tbe  operative  field.  Tbe  biood  is  dark.  Tbe 
ikiti  is  usually  moist  and  3ligbtly  cvanotic  to  pink,  deponding  on  the  degree  of 
ojvgenation,  Tbe  siiffuBion  of  the  skin  and  lieat  foaa  by  tbe  evaporation  are  not 
*o  great  ns  with  etber. 

Auestbesia  deepena  tbrough  tbe  firat  balf  bonr.  UsHa]ly  tbe  oxygen  mHy 
I*  gra(iually  increased  np  to  11  per  cent.  in  tbe  tidal  vohinie  (about  13  per 
'»»t.  in  a  dclivery  of  10  litera  per  minuto)  witbout  altering  tbe  pbvsiologieal 
State  of  ligbt  siirgical  aneatbesia. 

On  witfadrawal  of  the  anestbetic,  after  full  anesthesia  fop  au  bonr  or  more, 
coinjilete  consciousness  is  usually  regainod  within  5  minutes,  and  witb  very 
btllc  nnnaea.  beadacbe,  or  the  otber  Beque]ai  of  the  hvdrocarbon  anestbetics. 
^be  more  prolonged  and  intenso  the  aueatheaia,  tbe  longcr  tbe  atage  of  recovery. 
Tho  atage  of  recovcry  occaaionallv  laata  for  an  bonr  or  more,  and  is  soine- 
'">ic8  aecompanied  by  vomiting  of  a  nature  more  acute]y  distressing  tban  that 
"  bjdrotarbon  anestbetics.  The  patient  occasionally  oontimiea  rvanotie  or 
"'  RPcenish  or  reddiab  hiie  for  several  daya.  Thia  bas  been  aserihed  to  irapuri- 
""«  in  the  gasca,  notab!y  nitrogon  dioxid. 

I*ulmonary  eoniplications,  sucb  as  bronchopneiimonia  from  aspiration,  or 


lohac 


pncuiiionia  from  exposiiro  and  lowerod  vitalitv,  are  less  common  tban 


'^i'  ethtT  or  cldorofomi  anestheaia.     Cireulatory  coinplicationa^ — hemiplegia, 

.  "•'■'iiac  dilatation  and  cardiac  decompensation^ — have  been  noted  after  akilled 

i  ™*>iiidij|itration,  altbough  not  witb  frequenoy  aa  after  the  aaphyxial  anestbesia 

*■   iindiluted  nitrons  oxid.     Tbeae  cardiovaaciilar  complications,  togetber  with 

L  ioc  (igijt  dogreo  of  trne  aiiestheBia  and  the  ever  imminent  asphyxia,  constitute 

'  plivsiiilogica!  objectiona  to  tbia  aneathetic. 

Z«nea  of  ITitroiu  Oxid  Anesthesia,— Ztinea    of   aneatbesia    iiiav    be    difFeren- 

**ed,  each  with  a  definite  flyinptoin-c«inplex  according  to  tbe  pen^entage  of 

I  ,   ^^n  in  a  given  mixti]re.     The  percentape  of  niixtiire  inapired  in  each  zone 

T       'n  tbe  ttvcnigo  eouatant  and  basic  for  tbe  aninial  kingilom.     In  man  it  re- 

[  I**'!"««  abont  5  minutes  tn  establisb  an  anestbotip  equilibrnim  in  any  glvon 

"*'>«.     Individual  roquiremeiit  toward  higber  percentnge  of  oxy2:en  is  cominoii 

'"CTi  tbere  is  present  any  abnonnal  oondition  of  tidal  volnme  or  of  quality  or 

™^  of  blood  flow.    Eor  exaniplo,  diminutton  of  tidal  volume  from  obatniction 
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or  breath  holding,  dimmiaheil  os^gen-carrjing  capacity  of  the  blood  b^  low 
liemoglobin,  and  diminished  rate  of  blood  flow,  al)  require  higher  percentage 
of  oxygeii  thaii  the  average  for  tbat  zone  of  anesthesia.  The  earryiiig  eapacitj 
of  the  blood  for  ox_vgoii  is  miich  diminished  by  anemia  and  by  aeptic  oonditiotu; 
Bccond,  the  capacity  soems  to  be  leaaenod  and  the  neceseitv  for  hi^er  per  cent 
of  i»xygen  ia  evident  iu  rapidiv  groiving  children  and  in  patients  of  rapid1y 
increaaing  weight;  third,  the  carTying  eapacity,  being  in  direct  ratio  to  the 
rate  and  vohinic  of  the  btood  tlow,  is  IcBseiicd  in  asthcnic  states,  anch  sb  old 
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age,  cardiac  decompcnsation  and  conditiona  of  discase.  Any  of  these  factors 
which  deercase  the  oxygen  iiitake  bv  a  leaaened  tidal  volume,  or  decrease  the 
oxygen-carrving  capacity  of  the  blood  by  leaaened  hemoglobin  or  rate  of  blood 
f1ow.  miiBt  bc  compensated  for  by  increaso  of  ox;\gen  in  the  mizture  adminia- 
tered  to  tliat  paticnt. 

The  zonea  charted  in  Fig«re  22  were  determined  in  routine  anesthesia  at 
the  Koosevelt  Koapitai,  except  the  most  dangeroiis  zonea  which  were  determined 
bv  insiifflation  on  the  dog.  Por  tlic  analgeaia  zonea  I  am  indebted  to  Tir. 
Č.  K.  Toter. 

The  percentage  of  the  letlial  zone  ia  iiaod  for  ahort  operations  siich  as  ex- 
traction  of  teetli.  Tlie  aspliyxial  mixtiircs  of  this  zone  ^honld  be  abandoned 
for  thosc  which  indiiee  aiiestliesia  more  HlowIy  and  aafelv.  Aneatheaia  itiducetl 
in  the  letlial  zone  aiibjects  the  jiaticnt  to  severe  ciirdiovaaciilar  strain,  and  car- 
rica  hini  to  within  a  minute  or  t\v<)  of  deatli  from  aaphyxia.  The  profound 
and  deep  zonea  are  fre(]iiently  iinadcd  by  error  diiring  the  rontine  administra- 
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Hoa  aiitl  aro  rapidlv  retreuted  froni,  by  raisiiig  the  percentage  of  oxjgen  wheii 
oncoming  asphvsiu  ia  observed.  By  iiitratrscheal  ineiifltation  a  dog  may  be  kept 
alive  in  the  profound  zoue  for  lialf  aii  bour.  ilan  mav  bo  carried  in  the  deep 
xone  if  the  tidal  vohmie  is  large  and  no  aspbvsial  obatntctiou  or  thoracic  fixa- 
tion  presents,  vet  the  margin  of  safetv  is  sumil.  The  iiieiliuin  zone  is  nscfiil  onlv 
for  tbe  first  few  miniitea  of  indiiction,  us  an  iindesirable  degree  of  asphvsia  ia 
w>on  indiiced.  Some  anesthetists  ntillze  the  pbysiologically  disadvantageous  as- 
phvsia of  tliis  zone  for  an  additional  degree  of  anesthesia  on  resistaiit  subjects.  It 
is  miich  aafer  to  utilize  the  lighter  zones  and  aiippletnent  the  iiarcosis  b.y  ether. 

The  light  zone  is  tlie  one  desirable  for  abdomiiial  surgerv.  The  perfeet 
telasation  of  the  h,ydrocarbon  ancsthctics  ia  ncver  prosent,  but  if  relaxation  ia 

red,  it  iiiay  bc  secnred  in  part  by  Biipplcmental  narcoais  or  local  ancathesia. 
The  verv  liglit  zone  is  the  desirable  one  for  siirface  8iirgery,  sunh  as  anipiita- 
tion  of  the  hrenst.  Both  tbia  nnd  tbe  siibeonscioiis  zone  niav  serve  for  ali  de- 
greea  of  uperativo  W(irk  when  supplementcd  bv  ether.  In  fact,  the.ie  are  tbe 
ideal  zones,  siiiec  in  thcse  zmics  the  bb^id  preasnre  is  iiot  raised,  the  color  is 
Borinal,  the  breathing  is  r.ot  cxaggerated  and  there  is  no  asphvxia. 

On  tho  iisual  vohime  of  deliverv  of  S  to  10  liters  of  gascs  per  minute,  the 
percentages  in  tbe  gases  delivered  miist  be  aboiit  '2  per  cent.  bigher  than  thoae 
Miarted  above  nn  accoiint  of  dihition  with  expired  gases  from  whicb  the  oxygen 
»•*»  been  in  part  absorbed.  I.,  paticnts  who  are  anemic  or  toxic  froni  disease 
*^  whose  respiratorv  voliimo  is  small  or  who  liave  diminiabed  blood  flow,  a  higher 
pe>"ccntago  of  oxygen  ia  reqiiired  to  maintain  the  aanie  oxygcnation  of  the  tis- 
niGa.  The  percentage  of  oxygen  iieeded  in  the  inapired  gases  is  approsimatelv 
•"  direct  ratio  to  the  degree  of  aneniia  or  intoxication.  For  exaniple,  a  patient 
*'th  50  per  cent.  hemoglobin  or  half  tbe  normal  oxygen-carrying  capaeity  ro- 
1"ire8  for  the  zone  of  light  anesthesia  20  per  ceut.  of  oxygen  in  tho  tidai  voliune 
"  'eapiration,  instead  of  10  por  ceut.  mistnre,  as  does  normal  man. 

The  slimulus  of  operative  tramna  elevates  the  blood  pressure  10  to  30  mm, 
,™  ali  zones,  even  in  tbe  zone  of  profonnd  anestbetic  aspbyxia.  Nitroiia  oxid 
■*s  not  tbe  ether  effect  in  blocking  efferent  sensations  by  direet  action  on  tho 
'■^'^e  ends.  Therefore,  it  provides  no  zone  which  protecta  against  harmful 
uinuli,  as  do  the  bydrocarbon  fat-8oIvent  auesthetics. 

Apparatus  for  Nitkoos  Oxid-Oxyoen  Anksthebia 

uiltBler. — Ab  it  is  essential  to  exdude  dilution  by  air  the  face  mask  shonld 
"*  8nugly.  To  tbe  mask  sbould  be  comieeted  in  cloae  proximity  a  light  rubbor 
'^^©rvoir  bag  of  1  or  2  gallon  ciipacitv  for  tbe  gas.  The  inbalers  snppHed  by 
TOital  hoiises  for  pnre  gas  administration  are  incffeetive  for  snrgical  anes- 
"K^ia.  For  snrgical  work  the  Gatch,  Boothby,  Gwathmey,  Cobiim  and  Teter 
inliulors  mav  bo  mentioned  aa  excelleiit  type8.  A  proper  mask  sbould  bave  the 
'OlWing  featiires:  A  metallic  or  celhiloid  mask  euclosing  the  area  of  the  noše 
ud  moutb,  the  edgo  of  the  mask  being  proporly  shaped  to  the  average  con- 
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nds,  Siniple  apparatiis,  with  nltprnate  nmmial  opening  and  closiiiji;  of  valvea 
I  and  visiial  or  aiiditorv  estimation  of  tlie  proportion  of  gasea  delivered,  ia  miich 
[  to  be  pre£erred  to  fliPse  inacairnte  iiiatriiments. 

APPAEATUS  WHICH  MEASURES. — The  Teter  apparatiiB  measurea  tle  gas 


^•••-flenr  8KIIEC  (pislon  type);  fl,  oxygp|i  grnigc  (pialou  typc) ;  C.  pamchiite  kuub''.  i^ombiii«! 
*^^«ca;  D,  cthor  tank;  E,  cther  dropper;  F,  gu-ooiitrol  cocks;  O,  outlot. 

^^  by  graduftl  opening  of  a  graduated  valvo.  It  is  approximately  corrcct  so 
*^^  as  the  valves  n^raain  iinvvorit  and  tnie,  and  if  the  pressiire  is  accurate]y 
»»»trolled. 

,       Tlip  ]ltx>tlibv  apparatus   faee  Fig.  S-*)")   dcpcnds  for  moaanrement  od  the 
^^tililinff  of  p»in<B  tliroiigli  water  aa  a  nicana  of  eetiiuating  tlic  rute  of  flow.     It 
^  Hiuch  more  elaetic  and  accnratelv  ailjiiatable  than  the  foregoing,  Biiice  the 
?*t«  do  not  wear  nor  does  the  pressiire  iieed  to  be  constant. 

The   McKesson   apparatna  dcpoiida  on   the   aiictioii   efFort   of   inapiration, 
ipai  adjnstahle  parts  und  the  a«piration  of  osj-gen  and  nitroua  oxid  froin  3  baga 
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of  balaiiced  pressure.  The  apparatus  is  accurate  in  measurement  but  haa  the 
faiilt  of  reqiiiriiig  for  its  operation  aspiration  effort  on  the  part  of  the  patient 
The  Connell  apparatus  (see  Fig.  24)  is  a  measiiring  unit  of  the  inatan- 
taneous  gas  flow  gauge  tvpe.  It  is  designed  for  use  between  the  gas  8upply  and 
the  inhaler  and  permits  of  accurate  constant  measurement  of  each  gas.  It 
consists  of  two  Connell  instantaneous  gas  flow  gauges  of  the  piston  type.  Each 
gauge  mav  be  connected,  one  to  nitrous  oxi(l,  the  other  to  the  oxygen  8upply 
under  anv  pressure  from  1  up  to  150  pounds.  By  opening  a  pin  val  ve  the  pis- 
ton rises  and  accurately  reads  the  volume  of  gas  flowing  each  instant.  The 
ox5'gen  gauge  reads  in  quarter  liters  of  gas  per  minute  up  to  6  liters.  The 
nitrous  oxid  gauge  reads  in  2  liter  steps  up  to  16  liters  per  minute.  These 
gauges  are  mounted  on  an  aluminum  base  containing  a  small  electric  stove. 
Ether  mav  be  fed  by  the  drop  into  the  gases  from  a  2-ounce  tank  throiigh  a 
sight  feed.  The  combined  gases  find  exit  through  a  third  gauge,  the  Connell 
parachute  gauge,  reading  from  6  to  24  liters  per  minute.  The  entire  apparatus 
weiglis  about  a  pound. 

Teciinio  of  Administkation 

Nitrous  Oxid. — For  short  operations  such  as  incision  of  abscess,  the  inhaling 
bag  is  filled  with  8  liters  or  2  gallons  of  pure  gas.  The  face  mask  is  8ecurely 
fitted  and  the  valves  so  adjusted  that  the  first  4  cxhalations  of  the  gas  are  dis- 
carded  together  with  the  nitrogen  and  oxygen  that  were  present  in  the  respira- 
tory  tract  as  tidal  and  residual  air.  The  exhalation  valve  is  then  closed  and 
the  gas  is  rebreathed  to  and  fro  until  sudden  increase  of  the  depth  and  fre- 
quency  of  respiration  marks  the  onset  of  the  stage  of  anesthesia.  The  mask 
may  now  be  removed  and  the  anesthesia  will  pcrsist  for  about  40  seconds.  If 
a  longer  operation  be  contemplated,  a  proportion  of  atmospheric  air  must  be 
allowed  bv  occasionallv  opening  an  air  inlet,  or  by  raising  the  mask  for  an 
instant  during  inspiration.  Fresh  nitrous  oxid  must  be  supplied  as  this  is  lost 
or  becomes  too  diluted  with  air. 

To  and  fro  rebreathiiig  of  the  gases,  for  anesthesia  of  short  duration,  is  of 
advantage  bccause  in  this  way  anesthesia  is  secured  with  less  muscle  twitching, 
thoraeic  fixation,  and  cardiac  strain  than  when  each  tidal  volume  is  of  fresh 
nitrous  oxid. 

The  usual  anesthesia  quickly  achieved  with  pure  nitrous  oxid  dependa  in 
large  measure  on  the  state  of  partial  aaphyxia  induced.  While  for  small  dental 
procedures  this  short  a8phyxia  is  attended  with  little  danger  other  than  that 
incident  to  the  cardiac  strain,  vet  for  the  more  prolonged  anesthesia  required 
in  surgerv,  even  for  procedures  of  1  minute's  duration,  the  asphyxial  anes- 
thesia of  undiluted  nitrous  oxid  should  be  abandoned  for  the  true,  non-asphyxial 
anesthesia  secured  bv  nitrous  oxid-oxvc:en  mixture. 

Nitrous  Oxid-Oxygen  Mixture. — General  Consideration. — The  preferred  mix- 
ture  for  induction  is  6  to  8  per  cent.  of  oxygen  in  nitrous  oxid  administered 


in  quaiitit_v  of  about  (J  to  10  liters  a  miuute.  Tho  firat  few  eshalationa  are  dia- 
carded.  Thereafler  tlio  ejtlialntion  mav  bo  mixed  with  the  fiesli  gasea  and  to 
and  fro  breathing  U  permitted.  The  robreatbing  bag  uiay  be  emptied  of  old 
gascs  and  lilled  with  freah  every  1  or  2  mmiitcs  or  preferablv  a  slow  even  de- 
livery  and  discbarge  are  eatabliabed,  Within  2  rainutea  the  perceiitage  mav 
be  raised  to  9  per  cent.  If  no  reliable  meaauring  apparatua  is  avsilable,  theae 
percentages  are  approsiuiated  by  guess  work,  using  the  patieiit  aa  aii  iiides. 
Anv  respiratorv  cuibarraasment  or  deepening  cjanoais  calla  for  higher  per- 
centages of  oxygen.  The  atage  of  elight  excitemeut  laata  usiia]ly  aboiit  3  rain- 
ates.  Light  aiirgical  ancsthcBia  coniea  on  in  about  5  minutea  and  graduallj 
deepena.  The  color,  the  rcapiration  and  tho  pnlse  must  be  carcfully  watched, 
and  signa  of  aspbyxia  quickly  noted  and  relieved  by  higher  percentages  of  oxy- 
gpi»  or  air.  Tho  color  shoiild  never  8how  more  than  the  aligliteat  tingo  of  blue- 
aes8  and  preforab]y  no  cyanoais  what8oever.  The  pulae  ehould  be  of  modcrately 
inereased  fre<iuency  aud  of  incrcaacd  foreo  and  voliime.  A  fllow,  asthenic  pnlse 
»f  a  rapid  one  of  weakened  qiiality  ahoM-a  danger  to  the  circnlation  and  immi- 
ntntt  Bsphyxia,  aa  do  3hallow,  jerky  reapiration,  muscular  twitehing,  or  an  aahj- 
P"ay  cvanoaia.  Much  exaggerated  breathing  uiay  raean  tiio  anperficial  anea- 
tnosia,  or,  on  the  other  hand,  carbon  diosid  retention.  Tbia  latter  ia  met  by 
inore  freelv  waahing  out  tbe  limga  with  a  larger  aii[)ply  of  freah  gaaes.  The 
ipper  rc8piratory  tract  must  be  efficiently  open,  If  tbere  is  any  obstruction  to 
"»e  ebb  and  flow  of  tidal  vohinie,  the  intrapulmonary  gases  bccome  so  rapidlv 
'^•-pleted  of  oxygen  that  a3phyxia  8bort]y  appeara.  Kaaal  obstmction  dcmands 
"**'  the  montb  be  kept  opf-n  by  gag  or  by  breathing  tube. 

Whcn  relaxation  is  unsutisfactorv  it  cannot  be  aecured  by  deepening  the 
**'pliyxia;  to  the  contrarj',  relaxation  is  accomplished  bv  increasing  the  oxygen 
P®*"c^ntage  and  the  total  gaa  flow,  or  by  aupplemental  ether  ancsthesia. 

OccaBionalIy  the  percentago  of  oxygen  may  bo  increased  aa  high  as  12  per 

--—i.,  or  under  conditions  of  shallow  rcspiration   and   asthenic  afatca   oven 

"Rlicr,     \Vhen  tho  pasea  are  exccaaively  rebreathed  and  the  total  aiipply  is 

•"ali.  aa  high  aa  15  to  20  per  cent.  of  oxygen  is  reqnired  in  tlie  fresh  aiipplv 

"**   ^■ield  in  the  tidal  gaaes  the  proper  aneathetic  mixtnre  of  froni  8  to  11  per 

,    •^t.  of  oxygen.    Percentages  lower  tlian  theae  may  be  uaed  in  ahort  procedures 

S   minutea'  duration,  sint«  the  hlood  carriea  for  some  minutea  of  anestheaia 

•"^aerve  auppiv  of  loo8ely  combincd  oxygen.     IIowever,  when  tho  rcservo  anp- 

j?*y  beeomoH  d(?ploteil  after  .'i  or  4  niinutoa,  anv  deprcsaion  of  the  oxygen  below 

'"  Por  cent.  is  fraught  with  danger  nf  sudden  collapae  of  the  ro»pirHtory  center 

*y«m  a8phyxia.    Percentages  of  nxygen  higher  than  1 1  are  iiseful  only  for  very 

'^0it  anesthesia  or  when  nitrona  oxid  is  snpploniented  hy  other  anesthetica  or 

*'»aloidaI  narcotica.    The  operutoi  mnat  work  in  harniony  with  the  anesthetiat, 

Wii  not  cxpect  tbo  complete  and  continuoua  aneatheaia  and  relaxation  of  the 

■^er  gcm.Tiil  anesthelics. 

Methods  of  LeliTery  in  Detail. — Tlie  two  basic  tvpes  of  dclivcry  are  the  tn- 
UfTuiilfd  (law  and  the  cotilimiiius  floiv  nietbod  of  admiuistration. 
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THE  INTERRUPTED  FLOW  OR  REBREATHING  METHOD  (GATCH  METHOD). 

— Tliis  method  require8  tlie  least  apparatus  aiid  is  the  most  effective  of  crude 
methods.  It  is  ecouomical  of  gascs  and  in  tbe  bauds  of  the  inexpert  anesthetist 
working  with  crude  apparatus  it  is  the  method  of  choice. 

The  rebreathing  bag  is  filled  looselj  witb  nitrous  oxid  and  1/12  part  of 
oxygen  is  added.  The  first  4  breatbs  are  exhaled,  washing  out  the  residual  air. 
The  exhaling  bag  is  then  closed,  and  the  patient  rebreatbes  tbe  remainder  of 
the  gases.  Fresh  nitrous  oxid  is  now  added  and  is  sligbtlj  diluted  with  oxy- 
gen  (1/10  part).  The  patient  is  allowed  to  rebreatbe  tbese  gases  so  long  as  the 
eolor  sbows  onlv  a  tinge  of  bhieness.  After  a  minute  a  small  amount  of  oxygen 
is  added  to  replenish  that  which  bas  bcen  absorbed  into  the  blood.  The  breath- 
ing  soon  shows  marked  stimulation  in  frcqucncy  and  in  tidal  volume  because 
of  excitement  and  carbon  dioxid  accumulation.  After  2  to  4  minutes  the  ex- 
piratory  valves  are  opened  and  tbe  rebreathing  bag  almost  emptied,  to  be  filled 
again  with  fresh  gases.  As  little  as  40  gallons  of  gas  and  12  gallons  of  oxygen 
may  bo  consumed  in  1  hour,  yet  bctter  anesthesia  is  achieved  by  120  gallons  of 
nitrous  oxid  and  15  to  20  gallons  of  oxygen  per  hour. 

The  anesthetist  is  constantly  on  guard  against  asphyxia.  The  patient  may 
rapidly  turn  blue  and  begin  to  twitch.  More  to  be  dreaded  than  this  acute 
a8phyxia  is  the  asphyxia  of  the  asthenic  type.  In  this  type  the  pulse  loses  its 
forcc,  tbe  respiration  grows  shallow  with  labored  inspiration  followed  by  a  short 
expiratory  jerk,  and  the  skin  tums  a  dirty  gray.  When  either  of  these  type3 
of  asphyxia  appears  the  perccntage  of  oxygen  is  immediately  increased  or  pure 
oxygen  is  substituted.  For  the  asthenic  type  of  asphyxia,  showing  as  it  does 
circulatory  danger,  the  cffort  to  induce  anesthesia  by  nitrous  oxid  alone  is 
abandoned  and,  with  a  libcral  allowance  of  oxygen,  ether  narcosis  is  gradually 
superimposed,  or  substituted  entirely  for  that  of  nitrous  oxid. 

THE   C0NT1NU0U8   FLOW   METHOD    (BOOTHBY   METHOD).- — Tbis  is  a  more 

rational  method  and  yiclds  a  safcr  and  moro  evcn  grade  of  anesthesia.  The 
same  outfit  of  face  mask,  rebreathing  bag  and  valves  is  utilized,  but  the  de- 
livery  apparatus  is  of  sucb  nature  that  a  continuous  flow  of  adjustable  volumes 
of  the  2  gases  may  be  establishcd.  To  yield  the  bost  results  the  gases  should 
flow  uninterruptedly  at  the  rate  of  at  least  8  liters  per  minute  (120  gallons 
per  hour).  Smaller  volumes  and  intenuittent  flow  result  in  carbon  dioxid 
accumulation,  rapid  breatbing,  cyanosis  and  poorly  maintained  degree  of  anes- 
thesia. 

The  gases  may  hv  set  flovving  l)y  guosswork  from  tank  pressure  preferably 
rcduced  to  at  least  4  pounds,  but  some  metliod  of  approximately  accurate  osti- 
matiou  is  far  more  satisfactorv.  As  prcviou8ly  noted,  the  common  commercial 
cocks  and  ports,  alleged  to  bo  minutelv  graduatcd  in  percentage  and  quantity, 
are  grosslv  inaccurate.  The  best  crude  dctermination  is  that  of  Boothby, 
namclv,  bubbling  each  gas  through  \vater  from  graduated  holes.  With  the 
I3oothby  apparatus  and  its  more  portablc  modification,  the  Gwatlimey-Wool8ey 
apparatus,  tlic  anesthetist  soon  leanis  at  what  rate  each  gas  should  bubble.     The 
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total  flow  should  fill  a  2-gallon  bag  in  ^0  seconds.  Thus  a  constant  f resh  deliverj 
of  8  liters  per  minute  is  established.  Escapement  of  breathed  gases  is  permitted 
best  by  an  automatic  pressure  release  valve  at  the  mask.  One  or  2  mm.  or  more 
of  positivo  pressure  at  the  face  mask  ensures  against  aspiration  of  air  into  the 
mask,  and  vields,  therefore,  a  more  even  grade  of  anesthesia  than  if  no  pressure 
is  maintained.  After  the  first  10  minutes  it  becomes  practicable  to  strike  such 
an  even  rate  of  flow  that  the  apparatus  need  scarcely  be  further  adjusted 
through  subsequent  hours  of  anesthesia. 

Onlv  in  čase  of  respiratory  obstruction  or  other  accidents  of  anesthesia  need 
the  nitrous  oxid  bc  cut  off  and  the  oxygen  flow  increased.  Cvanosis  should  at 
no  time  be  present.  If  deeper  anesthesia  or  muscular  relaxation  for  abdominal 
8urgery  is  desired,  this  is  best  obtained  by  a  slow  continuous  dropping  of  ether, 
beginning  at  2  or  3  drops  per  second  and  gradually  decreasing  to  1  drop  every 
3  seconds  (see  Nitrous  Oxid  Adjuvants). 

\Vith  the  Connell  instantaneous  gas-flow  gauge  apparatus,  tlie  gases  may  be 
measured  with  accuracy  and  the  ether  added  in  definite  proportion.  The  ap- 
paratus is  connected  to  any  pressure  of  gas  from  1  to  450  pounds,  but  most  con- 
veniently  to  a  flow  reduced  from  tank  pressure  to  about  4  pounds. 

CONNELL     TECHNIC     OF     NITROUS     OXID     ADMI  NISTE  ATION.  —  For    ali 

cases,  children  and  adults,  nitrous  oxid  is  set  flowing  at  8  liters  per  minute, 
with  the  single  exception  of  large  muscular  men  of  active  mctabolism,  who  re- 
ceive  10  liters  per  minute.  The  oxygen  is  adjusted  to  %  liter  per  minute. 
This  volume  is  fed  into  any  proper  type  of  face  mask  and  breathing  bag,  where 
it  mixe8  with  the  expired  gases.  As  soon  as  faint  cyanosis  appears,  usually 
within  2  minutes,  the  oxygen  flow  is  raised  to  1  liter  and  shortly  thereafter 
to  1^/4  liters  per  minute.  This  results  in  a  mixture  of  about  13  per  cent.  oxy- 
gen,  which,  when  mixed  with  expired  gases,  yields  about  11  per  cent.  of  oxygen 
constantlv  present  in  the  breathing  bag.  On  this  mixture  nearly  ali  patients 
come  to  anesthetic  equilibrium  in  light  anesthesia.  If  sufficient  anesthesia 
cannot  be  secured  by  nitrous  oxid,  ether  is  added  as  indicated  (see  Nitrous 
Oxid  Adjuvants).  After  20  minutes  the  oxygen  mav  usually  be  increased  to 
1 14  liters  per  minute.  For  anemic  and  septic  cases  the  oxygen  must  be  rapidly 
increased  as  need  arises,  until  the  level  of  the  patient  is  found.  Rarely  are  more 
than  2  liters  of  oxygen  per  minute  required,  imless  the  tidal  volume  of  respira- 
tiou  be  very  small. 

OTHER  METHODS.- — Insufflation. — Nitrous  oxid-oxygcn  mixture  may  be 
administered  by  pharvngeal  and  intratrachoal  insufflation  by  the  technic  already 
descril)ed  under  theso  methods.  This  adniinistration  is  wa8tcful,  rcquiring  20 
to  26  liters  of  fresh  gas  per  minute,  and  is  less  advantageous  than  ether-air  mix- 
ture. 

Partial  Insufflation,  for  Aftomattc  or  Postttve  Pressure  Anes- 
thesia.— After  anesthesia  has  bccn  iiiducod  bv  face  mask,  a  flow  is  established 
into  the  phar>Tix  by  the  nasal  route,  delivering  8  to  10  liters  per  minute.  The 
gases  are  expired  through  a  pharvngeal  breathing  tube   (see  Fig.  25).     The 
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patient  reccives  a  constaiit  aupplv  o£  fresh  pas  into  tho  pliarynx,  and  breatlies 
bnck  and  forth  tlirough  this  mouth  tiibc.  The  expired  gasee  are  trapped  in  and 
flpill  froni  a  nibber  breatliinfj  bag  attaclied  to  tliia  tube.  Tbis  eatabliabea  an 
automatic  deliverv,  kceps  tbe  upper  airway  open,  and  relievea  the  anestbetist 


Fio.  25. — Phartnoi 

in  cthiT  nnpHthpBia,  c  .  ... 

thMia.     (Fnr  thc  unual  methud  of  phurjDgcHl  inaufflatiun  irithout  Tebrcslhing,  the  naaoph&ijm^eal 

CBtbetcrs  alonc  are  inserttd.     Scc  paies  B5  and  06.) 

from  hoblirig  a  faoe  mask  in  placc.  If  poaitivo  preasure  ia  doeired,  the  spili 
cottk  froni  thc  brciitliini;  bag  is  partinllv  rloscd  nntil  tho  bag  is  distended  to  tbe 
dcsired  prcssure. 

Advantages  akd  7,imitation8  of  JsiTRora  Oxir>-OxYOBiT  Attbsthesia 

Xitroua  oxid-oxygen  mistiire  is  tho  safest  of  ali  anesthctics  for  abort  opera- 
tiona.  Fitr  long  oporationa  it  ia  as  safe  as  otlier  onlv  when  akillfullj'  admin- 
istcroil.  Doiitli  from  aflj>h_vxia  niav  rapidlv  ocriir,  and  aince  the  exten8i^'e 
introdiK'ti(iti  of  this  pas  into  genevnl  »iirjierv  the  reported  and  unreporte'1 
Hoatlia  havo  prolvililv  lar  oscecdod  those  from  ether.  Tho  anestbetic  shotild  be 
piven  oiilv  ii.v  anestlictista  tlioroiiphiv  fatniiiar  with  the  required  apparatiis  and 
c|iiii'k  to  rccojniizc  tho  e^TnptoiiiH  of  nsphvxia  in  ali  ita  phases. 

Ancstheaia  is  indnoed  rapiillv  and  plcasantlv  and  without  irritation  or 
execssive  secrction  of  niucns.  Bronchopnciinior.ia,  which  followa  tbe  inapira- 
torv  accidenta  of  etlior.  is  rarolv  seon,  and  the  "expo8ure*'  lobar  pneuroonia 
occura  Icas  commoniv  than  aftcr  ctber  and  chloroform. 
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Nitroua  oxid  has  no  knovvii  immeiliate  nor  remote  toxicology  other  than 
/roDi  aaphvjcia.  It  ia  the  aneethetic  of  clioiee  in  acnte  pnlmonarv  and  renal  in- 
flartimation. 

TLe  after-complicatioDB  of  geuoral  ancuthesia  are  niinimized,  nausea  and 
voiuilinjr  are  a{)i(iewliat  lesa  coramon  than  after  ether  iind  chloroform  anestheaia 
of  «?<[iiul  diiration,  and  are  iisnallv  transitorv  in  c.baractcr,  The  atage  of  re- 
tfov^rv  of  seDsibility  is  shortened.  Thia  rapid  recovery  of  pain  aenaibilitj 
Bxt±y  bc  classifted  as  a  disadvautage  in  major  Burgerv. 

Nitroua  oxid  is  nnsatisfactorv  to  tlio  atirgeon  who  has  been  traiucd  to  work 
tHihainpered  becanse  of  the  physiological  liniitationa  of  thia  aneathetic,  namely, 
Jig;>it  aneatheaia,  inconiplete  relaxntion,  changed  color  valne  and  esceaaive  eon- 
gt>istion  of  tissue.  Nitrous  oxid  often  faila  to  hold  in  proper  anestheaia  vigoroua 
yoiinfr  adiilts,  vigorons  fut  aiihjecta,  and  those  aocustomed  to  narcotica,  such  as 
ftI<Mjhol,  tobacco,  niorphiu  and  CfKrain.  To  jield  an  aneathetic  state  approaehing 
">  dcplli  that  of  fnil  etlier  and  ehlorofonn  aneathesia,  nitrous  oxid  niuat  be 
*"ppleuiented  in  action  bv  preliniinarv  narcosis  of  such  uudesirubEe  narcotica 
**  Juorphin  and  scopolaniin,  or  nmat  be  reinforced  during  tho  administration 
"y    ligbt  ether  anesthesiu,  or  by  etficicnt  local  analgcsia. 

Nitrous  oxid  is  nnsafe  when  reapiration  is  restricted  or  obatnicted  in  any 
*»  v.  The  narrow  and  collapsible  gas  way  of  the  npper  respiratory  tract  in 
"''"miipv  and  childhond  renders  nitrona  oxid  an  unsafe  aneathetic;  for  childrcn 
"'itler  S,  It  is  unsafe  where  struin  on  tho  beurt  or  hij^h  preasnre  inay  rcault 
'*   cierainpensation,  or  arterial  strain  mav  resiilt  in  npoplexy. 

Tbe  inereased  ooat  of  nitrona  iH(id-<ixygcn  nver  ether  aneathesia  i«  a  que8tion 
"f^  lioHpital  ecouomica,  the  cost  averaging  not  lesa  tban  '2  dollars  per  hour  of 
"»esthesia. 

Nitrous  Oxiii  Axestiiesia  Adjuvants 

Introdnction. — Owing  to  the  intrinaicallv  light  character  of  nitrous  oxid- 
o*ygen  anestheaia,  as  said  above,  it  must  fre(]uently  be  supplemented  for  gen- 
"^al  surgerv  by  alkaloidal  uarcoaia  or  by  light  ether  aneathesia,  or  both. 
^'Orphin  with  atropin  or  with  acopolaniin  is  the  recognizcd  alkaloidal  adjuvant. 
"  itbniit  tbese  adjuvanta  it  ia  impossible  to  hold  in  surgica!  aneathesia  robust 
>*-oletic  individnala  and  those  of  alcoholic,  tobacco,  and  other  narcotic  habita 
"thirat  dangoroua  dcgrecs  of  asphyxia. 

Ether  Aneathesia  Supplemental  to  Kitrons  Oxid.^By  proper  combination, 
Uic  best  points  of  both  of  these  aneatheties  mav  be  securcd.  By  combining  the 
vm  light  zone  of  nitroua  oxid  anestheaia,  i.  e.,  11  to  14  per  cent.  of  oxygen, 
«101  the  light  subcouscioua  zone  of  ethor  aneathesia,  i.  e.,  a  vapor  pressnre  of 
li  to  25  mm.,  a  phyaiologieany  ideal  atate  of  general  anestheaia  may  be  in- 
duced,  for  t)ie  light  transitory  anestheaia  of  nitroiis  oxid  is  aecured  together 
tfith  the  rutuxation,  senaorv  nerve-end  pnratvsis  and  poatoperative  analgesia  of 
rlher.    Tho  a8phyxial  zones  of  nitnuia  oxid  may  be  avoided,  also  aueh  concen- 


124  SURGICAL    ANESTHESIA 

tration  of  ether  vapor  as  actively  stimiilates  muciis  secretion  in  the  bronchi. 
IsoT  do  the  after-effects  exceed  those  of  unsupplemented  nitrous  oxid  adminia- 
tration. 

TECHNIC  1. — The  patient  is  primarilj  anesthetized  by  nitrous  oxid  oxy- 
gen.    Ether  is  now  slowly  added,  increasing  the  vapor  pressure  to  approximatelj 
86  nun.  by  adding  65  drops  of  ether  for  each  gallon  of  gas,  U8nally  2  drops 
per  second.    At  the  same  time  the  oxygen  percentage  niay  be  increased  to  12 
per  cent.    \Vhen  anesthesia  is  complete  and  general  relaxation  has  been  eatalD- 
lished,  nsually  within  6  minutes,  the  anesthetic  state  may  be  readilv  continuod 
by  nitrous  oxid-oxygen  alone,  usually  without  further  recourse  to  ether. 

TECHNIC  2. — At  any  tirne  during  the  course  of  nitrous  oxid-oxygen  an(3S- 
thesia,  when  it  becomes  nece8sary  to  secure  efficient  anesthesia  or  to  establissl^ 
relaxation,  the  administration  of  ether  is  desirable.  This  is  a  far  safer  pro- 
cedure than  to  persist  in  attempting  to  get  complete  anesthesia  in  unsuppl^" 
mented  nitrous  oxid  anesthesia  by  reducing  the  oxygen  supply. 

About  86  mm.  of  ether  vapor  pressure  (i.  e.,  65  drops  of  ether  per  gallon 
of  gas)  is  neces8ary  to  establish  an  efficient  state  of  anesthesia  within  reasonal>l® 
time,  i.  e.,  3  to  5  minutes.  ^Vhen  relaxation  is  secured,  the  ether  is  disco^i- 
tinued  or  reduced  to  minimal  dosage,  i.  e.,  20  mm.  of  vapor  pressure  or  i  5 
drops  of  ether  per  gallon  of  gas. 

TECHNIC  3:  THE  BEST  METHOD. — By  starting  the  administration  of 
ether  immediately  in  nitrous  oxid  administration,  adding  less  than  22  drops  <^f 
ether  per  gallon  of  gas,  the  dosage  of  ether  vapor  may  be  kept  con8tantly  belo'^ 
30  mm.  of  ether  vapor  pressure.  The  oxygen  content  in  the  gas  may  be  gradil" 
ally  increased  to  1 5  per  cent.  Thus  the  saf est,  most  satisf actory  state  resulta^it 
from  any  general  anesthetic  is  obtained,  a  state  combining  the  light  subco«^' 
scious  zone  of  both  ether  and  nitrous  oxid  into  one  of  deeper  yet  controllabl^ 
anesthesia.  A  proper  ether  flow  is  a  drop  every  2  seconds  for  the  first  ha.lf 
hour,  thereafter  a  drop  every  3  seconds.  The  gascs  are  best  delivered  contia^i' 
ously,  10  liters  per  minute.  Thirty  grams  of  ether  per  hour  and  150  galloX^ 
of  gases  are  used. 

Alkaloidal  Narcosis  Snpplemental  to  Nitrous-Oxid. — Preliminary  alkaloiJ-^^ 
narcosis  renders  the  course  of  nitrous  oxid  anesthesia  smoother,  increases  tl>^ 
depth  of  anesthesia,  allows  an  increase  of  1  to  3  per  cent.  in  the  oxygen 
centage,  and  renders  the  necessity  for  ether  less  frequent.  However,  these 
cotics  descnsitize  the  respiratory  center  and  increase  the  danger  of  respiratoi^ 
collapse  from  asphyxia.  Scopolamin  or  hvoscin  also  occa8ionally  exerci8e3 
rapid  powerful  depression  on  the  circulatory  mechanism. 

TP]C1IN1C  1. — Tlie  usual  procedure  is  to  administcr,  1  hour  before  aneft- 
tliesia,  14  gniiii  of  morphin  witli  atropin,  graiii  1/150.  Or  the  dose  of  morphin 
may  be  Vs  gi*uin  giveii  1  hour  before  anesthesia,  and  if  no  nareotic  effeet  is 
manifest  the  dose  may  be  repeated  Yj  hour  later.  With  athletic,  robiist  indi- 
viduals  the  dosage  niay  be  doubled.  Tn  total  not  more  than  ^/>  grain  of  morphin 
nor  1/75  grain  of  atropin  should  be  administered. 
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TECHNIC  2. — Morphin,  ^/4  grain,  with  scopolamin,  1/100  grain,  is  ad- 
ministered  1  hour  before  operation.  If  no  narcotic  effect  is  evidcnt,  tho  dose  is 
repeated  in  l/>  hour. 

With  these  narcotic  adjuvants  a  snsceptible  patient  niay  easily  be  carried 
in  satisfactorj  light  surgical  anesthesia  on  a  10  to  12  per  cent.  oxygen  delivery, 
but  the  physiological  state  is  not  so  safe  or  sati8factory  as  with  ether  as  an 
adjuvant. 

Postoperative  Narcosis. — Unless  a  preliminary  narcotic  has  been  given,  post- 
operative  alkaloidal  narcosis  is  a  necessity  folIowing  nitrous  oxid  anesthesia,  as 
no  merciful  after-period  of  somnolence  and  analgesia  is  present  as  with  ether. 

The  usual  technic  is  to  administer  hypodermically  morphin,  %  grain,  5 
minutes  before  discontinuing  nitrous  oxid  anesthesia. 

ETUVL    CHLOBID 

Introdnction. — Ethyl  chlorid  is  a  rapidly  acting,  intense  yet  transitory 
anesthetic.  For  practical  purposes  it  may  be  considered  as  a  very  rapidly  acting 
chloroform.  It  has  such  properties  of  rapid  volatilization  and  diffusion,  and 
siich  intense  action  as  a  lipoid  solvent  as  to  be  controUed  with  difficulty  in  its 
anesthetic  effect. 

For  a  time  it  was  vaunted  in  England  as  possessing  the  quick  action  and 
safety  of  nitrous  oxid,  but  a  series  of  fatalities  brought  disillusion  to  its  advo- 
cates.  As  a  prolonged  anesthetic  it  has  had  exten8ive  tri  al  and  been  found  so 
uncontrollable  as  to  be  dangerous  in  the  deeper  stages  of  fuU  surgical  anes- 
thesia, and  to  induce  in  exaggerated  form  the  evil  after-effects  of  the  hydro- 
carbon  anesthetics. 

At  present  it  is  used,  with  the  same  indications  as  nitrous  oxid,  for  transi- 
tory  anesthesia  where  the  gas  is  not  available.  It  is  occasionally  employed  to 
hasten  the  induction  of  ether  anesthesia.  Its  use  for  the  maintenance  of  anes- 
thesia beyond  5  minutes  has  been  largely  abandoned.  In  the  light  stages  of 
primary  anesthesia  it  is  less  dangerous  than  chloroform,  but  in  the  stage  of 
recoverv  death  from  cardiac  collapse  is  more  frequent.  It  is  not  a  safe  anes- 
thetic to  use  in  a  sitting  posture  as  is  nitrous  oxid. 

Phy8iological  Action. — Ethyl  chlorid  is  locally  a  ref  rigerant  by  rapid  vapori- 
zation.  It  has  very  little  odor  and  in  the  required  percentage  is  not  an  irritant 
to  the  respiratory  tract.  On  the  circulation  it  has  the  same  effect  as  chloroform, 
being  a  primary  paralyzant  of  heart  muscle  and  depressant  of  blood  pressure. 

BESPIEATION. — After  a  few  inhalations  respiratory  movement  grows  fuU 
and  more  rapid.  Within  15  breaths  slight  stertor  marks  the  onset  of  anesthesia. 
In  the  stage  of  light  anesthesia  with  excitement  there  may  be  respiratory  em- 
barrassment,  cyanosis,  and  asphyxia  from  spasm  of  the  jaw  or  the  glottis,  or 
from  thoracic  fixation.  With  this  anesthetic  asphyxia  is  badly  borne  and  must 
be  promptlv  relieved. 

SENSOBIUM.^ — Consciousness  is  lost  with  remarkablc  rapidity.     By  closed 
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ui4:t\unU  and  with  rapid  adinission  of  tlie  vapor,  cousciousness  may  be  abolished 
within  4  hroatliH,  and  as  a  nile  witliout  noticeable  discomfort  or  resistance.  By 
thfr  o])4m  nuitliodH  and  in  resistant  subjects  a  stage  of  excitement  inay  be  preaent, 
with  rtiirnc;  roHpiratorv  halting  and  slight  general  miisciilar  rigiditv. 

ZONUH  OF  ANE8TIIE81A. — Witliont  doiibt  tlie  same  zones  of  anesthesia  exist 
HA  witli  i?t.lii!r  and  cliloroforni,  but  it  is  impracticable  to  maintain  coiitinuousl^ 
Huy  lUminul  Icvcl  of  anesthesia,  since  the  changes  are  so  rapid  with  this  volst- 
iiUr  drn^. 

Period  of  Eccovery. — The  period  of  recoverj  is  brief.  After  a  short  admin.- 
iMtration  the  ])atient  may  regain  consciousness  within  a  few  breaths,  after  loDgeT 
adininintration  recovery  niay  take  5  mimites.  At  times  when  sudden  over- 
HiiifHtlK^tization  occiirs,  the  degreo  of  anesthesia  niay  dangerou8ly  inerease  foT 
an  inHtant  by  absorption  of  the  anesthetic  residiial  in  the  alveolar  air.  The 
jMjriod  of  reeovorv  largelv  depends  on  the  duration  of  anesthesia  and  the  rel«.- 
tive  tidiil  vohune  of  respiration. 

Itecoverv  of  conscionsness  is  not  infrequently  followed  by  severe  headach^, 
naiiHea,  repeatcd  vomiting  and  severe  prostration.  Late  in  this  period  evon 
Hcvoral  hours  after  the  administration,  a  delaved  coUapse  has  added  a  numbei' 
of  fatalities  to  the  score  of  this  anesthetic.  This  late  collapse  is  more  liable  te 
oceur  after  prolonged  administration,  also  when,  for  pnrpose  of  economy  aad 
to  deepon  the  anesthesia,  a  state  of  chronic  a8phyxia  has  been  occasioned  hy 
exce8sive  rebroathing. 

Technic  of  Administration. — There  are  two  methods,  the  closed  and  tb^ 
semi-open. 

CLOSED  METIIOD. — Into  the  inflated  2-galion  air  bag  of  any  elosed  fao6 
inhalcr,  such  as  the  Orrasbv  or  the  Bennctt,  liquid  ethyl  chlorid  is  spraved 
through  any  convenient  vent,  in  dosage  of  about  1  to  2  c.  c.  for  the  ehild,  up  tO 
3  to  5  C.  C.  for  the  adiilt.  Rebreathing  is  judiciously  allowed  for  about  l5 
breaths,  when  a  period  of  available  anesthesia  ensues,  lasting  a  minute  or  mor© 
after  removing  the  mask.  For  more  prolonged  anesthesia  fresh  air  must  be  al' 
lowed  by  partiallv  opening  the  air  vents  of  the  inhaler  and  adding  fresh  ane^^ 
thetic  as  indicatod,  in  dosage  of  V^  to  2  c.  c.  per  minuta 

SEMI-OPEN  METHOD.— Either  an  Esmarch  inhaler,  v^rell  8wathed  in  gau^^ 
and  moist  toweling,  is  employed,  or  a  special  ethvl  chlorid  inhaler  consisting  (^^ 
rubber  face  mask  \vith  a  1  in.  gauze-covered  opening  is  selected.  Onto  th^ 
mask  is  spraved  a  continuous  streani  of  ethvl  chlorid,  4  to  6  c.  c.  per  minuta 
until  anesthesia  ensues,  \vhen  the  dosage  is  decreased  to  "^  up  to  2  c.  c.  pe^ 
minute. 

The  Esmarch  inhaler  is  the  simplest  and  safest  mask,  but  involves  ihe 
largtv^^t  wastagt>  of  the  drug.  Unless  it  is  well  swathed  over  the  face  with  moist 
toNveling,  j)roper  auesthetic  ])rossure  of  ethvl  chlorid  in  the  tidal  air  is  secured 
\vith  ditlicultv. 

For  prolonge«!  anesthesia  it  is  far  safer  to  superimpose  light  ether  anesthesia 
than  to  continue  the  ethvl  chlorid  alone.    On  the  whole,  ethyl  chlorid  meets  no 
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uecessilv  iii  anesthesia  wliicli  caiinot  be  better  siipplk-d  bv  ether,  uitroua  oxi(i 
or  diloroform. 

The  Etutl  Culorid  Grocp  of  Deugs 

A  serie«  of  drugrs  bas  at  rarious  times  been  tried  with  tbe  high  fat-eolvent  power 
Md  rapid  srtion  of  etb.vl  (.■hlorid.  Thoae  huve  been  found  more  objectionnble  thaii 
dhjl  cblorid,  bccause  either  li-as  stnble,  less  controllable,  or  iiitrinsioiillj  more  danger- 
Ous.  Amoiig  tbese  are  etbyl  bromid,  etbidene  dicblorid,  amykiie  and  pental,  and 
Ktnj  recent  pr(iprietary  niixturpa  and  conipounds,  for  tbe  most  purt  dilute  etbyl 
diloHil  nnd  bromid  mistures  put  fortli  with  somniferoua  names  and  unsubstaatiated 
doiffls.  The  anestlietist  should  not  be  lured  into  the  iiBe  of  theso  niistures,  but  uee 
ottlj  ihe  4  standard  aneathetu«  of  the  higheet  purity  obtainable,  either  sinRl.r  or  in 
dclibentelj'  pluimed  coinbiuntion  or  se([ueiiee  na  tlie  eicigencieB  of  anesthesia  deDiand. 


AMOCI-ASSOCIATION 

btrodsction. — Sjstematic  effort  hns  been  made  b.y  Crilc  to  exclude  from 
tbetpiilrjil  uei-voiis  sjateiu  of  a  patieut,  the  varimia  afferent  atiumli  of  fpar  and 
piiiii.  Trilf  believes  tliat  thcat'  atitniili  cxliaiist  tbo  celi  tlirongli  tlio  rapid  dJs- 
tharge  of  uervous  enerp;^-  and  tberel)y  prediapnse  t"  sbitck  durinf;  and  after  tli'! 
•pcration,  nnd  to  postoperativ«  neiirnsthcnia,  A  series  of  ineaaiires  to  disasso- 
mtuUip  nerve  t^ell  from  tbesc  iioxiou8  st.imnii  liaa  been  tcrmed  bv  (Vile  anoci- 

The  methinl  deserves  mention  in  detail  deapito  ita  eoniplexity  and  the  toxic  agenta 
*txpkiytd,  becsiise  of  the  wide»)pread  beneficial  inllueiiee  wbi[.'li  ibe  aceumuluted  faets, 
I)'*hin4ti):ed  proeedures,  and  enKUffing  tiy])Othesea  of  auoci-associatioii  huve  hud  on 
"•oA-m  Biir]n<'al  teehnie;  particularlj  toward  increasiiifi:  the  efSciency  witb  whieb 
IMiml  untHthetii.«  are  now  administered  and  toward  emphasizing  the  necessitj  for 
loitle,  cuiiHiderate,  aurgieal  nianipulation  even  under  ether  and  chbrofonn  aneatheaia. 

TeohnJc.^TLo  firet  nicasurea  deal  with  tbe  preoperative  stage.  Appre- 
"""iun  iiti  ttic  part  of  tlie  patieut  ig  lesaeued  b_y  the  reassuring  attitude  and 
"*elficit*nov  of  the  snrgical  attendants  througlioiit  this  period.  Aeute  fear  and 
^^tonii-nt  al  Mie  tirne  of  opcration  are  lesseiied  bv  a  anialt  doae  of  morphin 
'plin  i/ji)  and  ecopolamin  (grain  1/120).  \Vith  eapecially  nervons  eaaes, 
"ifi  aa  thoBe  auffering  from  exophthahnic  poiter,  even  tho  tirni"  of  opcration  is 
"ntnoini  to  the  patieut,  and  the  aneathetic  (nitroua  oxid)  ia  administered  under 
lwg(iig|>of  inhalution  Uierapeusis. 

ForainM-i-association  during  the  seeond  or  operative  period,  Trile  emplo.VB 
BflmuH  oxid  na  the  anesthetic  agent,  iKilieving  tlmt  tho  aneatheticeffeet  of 
ihrous  oxid  more  etHcinnflv  protctita  the  iiervona  avatem  than  eveti  the  fulleat 
riiou  of  ethiT.  (Thia  ia  not  anpported  by  general  opinion  and  ia  in  direet 
iTCTlKene«  fmm  more  recent  and  earffiilly  euntrolli^  obaervation. )  Tii  addi- 
ni  he  pmplovfl  a  niethod  of  terminal  nerve  block  bv  local  aneatheaia  faee 
iiKniiti  and  I.iwal  Infiltralioii   Aneathesiu  for  Major  Operationa,  believing 
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that  centripetal  stimuli  constantlj  bombard  the  nervous  sjrstem,  even  during 
efficient  general  anesthesia. 

In  the  third  or  postoperative  period,  the  after-pain  of  operation  is  blocked 
by  the  long-continued  local  anesthetic  effect  of  weak  alcohol  (50  per  cent.) i 
or  quinin  and  urea  injected  into  the  most  sensitive  tissues  when  the  wound 
is  about  to  be  closed  and  before  general  anesthesia  has  ceased.  Thus,  in 
celiotomj  the  peritoneal  suture  line  is  widely  blocked  by  subperitoneal  infil- 
tration,  also  the  field  of  fascial  and  cutaneous  suture. 

The  technic  of  the  "shockless"  operation  by  anoci-association  is  largelv 
based  on  the  assumption  that  centripetal  stimuli  of  operative  trauma  continued 
under  general  anesthesia;  that  merely  the  consciousness  of  pain  is  removed. 
This  is  trne  only  for  the  lightest  grade  of  general  anesthesia,  whereas  the 
deeper  grades  slowly  induced  and  fully  maintained  block  ali  except  the  most 
vital  stimuli,  such  as  have  to  do  primarily  with  blood  flow,  aeration  and  splanch- 
nic  control.  (For  order  of  disassociation  by  efficient  general  anesthetic,  i.  e., 
ether  and  chloroform,  see  Figure  16.) 

DIFTEBENTIAL   PBESSUBE    BfETHODS   IN   ANESTHESIA 

Introdnction. — For  certain  intrathoracic  operations  it  is  desirable  to  estab- 
lish  an  atmospheric  pressure  within  the  hmg  greater  on  the  average  than  that 
which  exist8  on  the  chest  wall.  Such  a  differential  pressure  may  be  maintained 
either  by  decreasing  the  pressure  outside  the  lung  (negative  pressure  or  suction 
method),  or  it  may  be  maintained  by  increasing  the  atmospheric  pressure 
within  the  lung  (positive  pressure  method).  The  purpose  in  establishing 
differential  pressure  is  to  overeome  the  tendeney  of  the  lung  to  coUapse  and 
become  immobile  wlien  the  pleural  sac  is  opened.  To  overeome  this  tendencv, 
it  is  necessary  to  maintain  a  differential  pressure  ^nthin  the  alveoli  at  least  5 
mm.  (mercury  column)  greater  than  that  which  exists  in  the  opened  pleural 
sac.  By  this  pressure  the  elasticity  of  the  lung  is  balanced  and  the  lung  re- 
mains  in  partial  or  fuU  distention  and  follows  more  or  less  completely  in  a 
normal  manner  the  movements  of  the  thorax.  Thereby,  even  if  both  pleur:il 
sacs  be  opened,  the  normal  ebb  and  flow  of  tidal  air  and  aeration  of  blood  cor.- 
tinue.  The  differential  pressure  maintained  must  not  be  too  great,  for  a 
pressure  continuallv  in  excess  of  20  mm.  retards  the  return  of  blood  and  Ivmph 
to  the  tliorax,  and  withiii  J$  to  5  minutes  a  condition  of  shock  is  induced. 

So  long  as  the  tidal  volume  is  adetjuate  to  ventilate  the  lungs  it  matters 
little  in  the  phvsiolo^ical  effect  wliether  the  necessarv  differential  pressure  of 
5  to  20  mm.  of  pressure  be  maintained  bv  gentle  suction  from  \vithout  (nega- 
tive pressure  method)  or  bv  modcrate  pressure  from  within  (positive  pressure 
method).  Mechanicallv,  liowever,  tho  positive  pressure  methods  have  proved 
so  much  more  simple  and  generali  v  applicable,  and  in  addition  the  insufflation 
methods  have  provided  such  an  effective  artificial  ventilation  of  the  lungs,  that 
tliese  methods  alone  are  in  general  use. 
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Ne^tive  Pressnre  Hethod  in  the  Saueibmch  Chainber. — APPAHATUS. — The 

cha.»nbcr  is  au  air-tight  rooiii  biiilt  to  witLataiid  a  negative  pressuro  of  a  pound 
or  more.  This  rooni  is  of  sufficient  size  to  aceomniodate  tlio  operating  table, 
the  operating  staff  and  tlie  equipmeiit.  The  atniosphere  of  the  riKim  maj"  be 
esliaiisted,  iiiider  coutrol  of  the  anesthetist,  bv  a  largc  rotarv  air  piiiiip.  The 
air  cxhausted  is  contiinioii8l_y  replaced  b^v  the  iiiflow  of  fresh  air  througb  valvea, 
»Uioh  are  released  automaticallv  at  a  given  pressnre.  The  patient'8  head  pro- 
jecta  from  the  chamber  through  a  hole,  the  margin  of  which  ia  adjuatable  by  a 
membrane  and  a  collar  snuglv  fitting  the  patient'a  neck. 

TECHNIC. — The  patient  ia  anesthetized  by  the  usual  routiue  methoda.  At 
ihat  3tago  of  the  operation  when  differential  preaaure  is  dcsired  ali  ingreaa 
into  the  room  is  closed  off  except  the  inflow  valves,  and  the  room  is  eshausted 
b\*  the  air  piiinp.  By  adjuating  the  inflow  valvea  the  interior  preamire  of  the 
fliMiuber  may  be  kept  at  any  desired  degree  of  exhauation,  ii8iially  abont  10  to 
2l>  nuu.  of  negative  presaure.  Anesthetization  ma.y  be  t':arried  on  by  the  usual 
tsee  mask  methods  by  the  aneathetiat  oiitaide  the  room. 

The  oniv  advantage  of  this  method  over  the  face  maak  method  of  posltive 
presaure  is  that  the  anesthetist  can  more  freelj  fldjust  the  mouth  and  upper  air 
traet  Ihan  when  the  face  ia  covered  by  a  tigbt  pressure  maak,  The  mechanical 
ilisadvantagea  of  the  method  are  obvioua,  in  extensive  and  eomplicated  equip- 
ment.    It  haa  been  almoat  entirely  auperaeded  by  jKiaitive  preaanre  methoda. 

Foiltive  FrcBsure  by  Face  Mask. — By  delivering  the  anesthttiL-  mixture  un- 
Jer  [iressnre  into  a  anngly  titting  face  maak,  the  rnhher  breathing  bag  becomes 
P'adually  distendcd  and  niaintaina  by  ita  eia8ticity  a  conatant  preaaure  against 
llio  alveolar  air.  Thua  wheu  the  plenra  ia  opened  the  Inng  doea  not  collapse, 
bul  tends  to  follow  the  movementa  of  reapiration  in  a  norma!  inaimer. 

APPARATirs  AND  TECHNIC. — As  aiiitable  maska  the  Gwathmey,  Booth- 
tv,  and  Toter  maska  ma.y  be  mentioned,  aithough  anv  snug!y  fitting  faee 
n)wk  wiil  suffice.  Maaks  fitted  with  an  adjustable  escape  valve,  vvhich  opena 
""J  dischargea  when  the  preaaure  becomea  exce3aive,  are  preferable;  or  to  con- 
"ol  llie  escapcment,  a  tube  mav  be  led  from  a  fat-c  mask  and  diseliarged  into 
*atcr  at  a  depth  from  5  to  10  lu.  heneath  the  siirface.  This  inaintaina  the 
ntt}eMary  10  to  20  mm.  of  preasure  withiu  the  face  maak. 

For  apparatus  to  generate  and  deliver  tho  aneathetic  mixture  imder  prea- 
""?,  *ec  page  97.  A  quantity  not  lesa  than  8  litera  per  mimite  of  freah 
■"'Jliire  should  be  delivered,  and  preferablv  15  to  20  liters.  Usnally  10  to  20 
"Uii,  of  preaanre  nt  the  face  mask  resulta  in  the  net«asary  average  inerease  of 
^  inni.  or  more  of  preaanre  withiii  the  Innga.  The  lunga  are  kept  onlv  in  gentle 
'lifteiition,  and  Ihis  ia  maintained  only  for  suoh  period  of  the  operation  as  ia 
HMeaiarv.  The  degree  of  poaitive  preaanre  ia  lowered  every  few  minutea,  since 
/onsiTontinued  high  preaaure  tenda  to  produce  ahock. 

To  eniinre  an  open  upper  air  tract  aiid  avoid  accident,  a  pharyngeal  breath- 
ing tube  (see  Fig.  281  ahnuld  he  placed  and  the  depth  of  aneatbesla  shnuld  be 
/ull  snd  continuous,  well  bevond  the  vomiting  stage. 
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Fositive  Fressnre  by  Fliaryiigeal  Iniiafflation.:^Pharyugeal  insufflation  is 
much  more  effectual  than  face  mask  methods,  since.the  m,ixture  is  delivered  not 
only  where  it  can  be  more  freely  iiispired  and  pressure  more  dirctly  applied, 
but  also  the  upper  airway  may  be  kept  widely  opened.  The  anesthetist  is 
relieved  from  holding  a  face  mask  in  plače.     (See  Fig.  25.) 

Positive  Pressure  by  Intratracheal  Insnfiiation. — The  most  effectual  method 
is  the  Meltzer  method  of  intratracheal  insuflBation.  Not  only  is  positive  pres- 
sure easily  maintained,  but  also  an  effectual  artificial  ventilation  of  the  lungs 
(see  page  91).  This  is  the  only  method  whereby  life  can  be  continued  with 
both  pleural  sacs  opened,  and  both  lungs  immobile  or  partiallv  coUapsed. 

THE    KEWEB    BfEGHANICAL    BfETHODS    OF    ABTIFICIAI.    BESPISATION 

Intratracheal  InsufflatioiL — The  efficiency  and  technic  of  this  method  of 
artificial  respiration  have  already  been  considered  (pages  91,  92).  The  objec- 
tion  to  the  method  lies  in  the  fact  that,  with  absolute  suspension  of  respira- 
tory  tnoVement,  a  phase  of  negative  pressure  is  at  no  time  created  to  assist  by 
aspiration  the  return  of  blood  and  lymph  to  the  thorax.  To  render  insufflation 
as  thoroughly  effective  on  venous  flow  as  it  is  on  aeration,  the  air  eurrent  should 
be  interrupted  about  4  times  a  minute  and  an  inspiratory  movement  carried 
out  by  extending  the  arms  and  lifting  the  short  ribs,  as  in  the  Sylvester  and 
other  standard  methods  of  artificial  respiration. 

Pharyngeal  Insufflation. — Air  blown  into  the  pharynx  will  be  carried  into 
the  lungs  if  the  mouth  and  noše  be  held  shut  and  the  epiglottis  be  raised  by 
carrying  the  tongiie  and  jaw  forward.  The  best  instrument  for  this  method 
of  artificial  respiration  is  the  pharyngeal  tube  of  Meltzer.  This  tube  is  a  cylin- 
der  about  1  in.  in  diameter,  flattened  on  the  imder  side  and  presenting  a  large 
f enestrum  at  its  proximal  end.  This  tube  is  thrust  against  the  posterior  pharyn- 
geal  wall  and  obturates  the  noše  and  mouth.  The  tongue  is  puUed  out  to  raise 
the  epiglottis,  and  air  is  insufflated  by  a  foot  bellows  or  othei*  apparatus.  The 
eurrent  of  air  is  interrupted  about  15  times  a  minute  by  alternately  opening  an 
inflow  and  an  exhaust  valve.  The  air  flows  into  the  lungs  under  pressure  and 
is  expired  by  the  elastic  recoil  of  the  thorax.  If  the  stomach  becomes  distended, 
this  is  dcflated  by  a  small  stomach  tube  passed  through  a  space  provided  in  the 
Meltzer  cvlinder. 

Pulmotor. — The  pulmotor  is  an  apparatus  opera ted  by  compressed  oxygen 
whicli  alternately  exhausts  and  increascs  pressure  in  a  face  mask  for  purpose  of 
artificial  respiration.  The  apparatus  is  started  by  opening  the  valve  of  an  oxy- 
geii  cvlinder.  A  face  mask  is  attached  to  the  apparatus  and  is  securely  adjusted 
to  the  face,  the  patient's  tongue  having  been  dra\\Ti  well  forward. 

The  motive  power — namely,  the  compressed  oxygen — flow8  from  a  eylinder 
through  a  Sprengel  pump.  This  pump  first  sucks  air  from  the  face  mask,  then 
blows  air  into  the  mask,  the  eurrent  being  changed  automatically  by  certain 
mechanical  dcvices,  when  a  set  degree  of  suction  or  of  pressure  is  created  in  the 
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'ace  mask.     A  full  tank  of  oKvgen  usimlly  furnishes  motive  power  for  about 
\i)  miiiuti^s  of  respiration. 

The  objections  to  the  apparatus  are:  First,  the  limited  motive  power  in  tho 
compressed  oxygen ;  second,  the  complexity  of  the  autoraatic  mechanism ;  third, 
the  eicessive  degree  of  pressure  and  of  siiction  to  which  the  mechanism  mav  be 
adjiisted;  fonrth — not  however  inherent  in  the  apparatus — the  average  ineffi- 
cienev  with  which  the  upper  respiratory  tract  is  held  open  in  the  novice'8  at- 
tempts  at  resuscitation.  Properly  nsed  it  is  a  very  valuable  apparatus  for  artifi- 
cial  respiration  as  well  as  an  aid  to  venous  circulation. 

Lnng-Hotor. — The  "Lung-motor"  substitutes  for  the  above,  as  the  motive 
mechanism  in  ereating  positive  and  negative  pressures  in  the  face  mask,  a 
(louble  acting  piatoii  pump  operated  by  hand.  Thiis,  motive  power  is  more  re- 
liable  and  tlie  degree  of  snction  and  of  pressure  is  less  severe  than  with  the 
piilmotor.  Otlierwise  the  general  utility  and  mode  of  use  are  the  same.  In 
neither  apparatus  is  the  small  amount  of  ()xygen  wliich  may  be  added  to  the 
8ufficiency  in  normal  atmosphere  of  any  material  advantage. 

THE    OONNELL   ANESTHETOMETEB 

Introdnction. — The  anesthetometer  is  an  apparatus  to  vaporize  exact 
amounts  of  liquid  ether  and  chloroform,  and  to  accurately  mix  and  measure 
anesthetic  vapors  and  gases.    It  is  developed  f  rom  a  commereial  gas  meter. 

The  apparatus  as  originallj  desi^ed  is  the  most  accurate  and  practical  working 
"^^^'^ent  yet  devised  for  exact  dosage  by  puImonary  diffusion  of  the  various  vapor 
"^  gas  mixture8.  It  has  made  possible  the  standardization  of  ether  vapor  adminis- 
tiation  and  of  nitrous  oxid-oxygen  dosage  (see  tables  under  these  subjects.  The 
o>nstructioii  plan  of  the  original  instrument  is  8hown  in  Figure  26.  This  origi- 
JMil  model  has  been  supplanted  for  nitrous  oxid-oxygen  admiuistration  by  a  vcry 
*"^  and  flexible,  although  Bomewhat  less  accurate,  instrument,  the  Connell  in- 
^taneous  gas  flow  gauge  (see  Fig.  24).  For  ether-air  administration,  the  original 
^nunent,  for  use  outside  of  large  hospitals  and  experimental  laboratories,  has  been 
^ified  into  a  smaller,  more  cheaplj  constructed,  and  less  complex  design,  eliminating 
«1  uneasential  or  complex  parts.  Since  the  latter  model  is  more  generally  acceptable, 
>*  M  described  herein« 

Besoription. — The  simplified  anesthetometer  (Fig.  27)  consists  of  three 
••anbled  units :  an  air  meter,  an  ether  measuring  unit,  and  a  vaporizer.  The 
ont  unit,  the  air  meter  (A,  Fig.  27)  is  a  small  commereial  "dry  gas-meter." 
rhia  is  a  nece8sary  unit.  In  fact,  by  no  other  mechanism  than  an  accurate 
letercan  air  be  8ensitively  measured  and  a  liquid,  such  as  ether  or  chloroform, 
d  8imultaneou8ly  and  automatically  fed  into  the  air  current,  and  thus  ac- 
intely  correlated  to  the  bulk  of  air  passed  by  the  apparatus. 

Air  under  light  pressure  from  any  generator,  such  as  a  foot  bellows  or 
'eferably  a  motor  blower,  is  drivon  through  the  meter.  This  moves  not  only 
e  measuring  and  recording  mechanism,  but  also  a  mechanism  which  feeds 
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into  each  3  1/3  liters  of  air  any  desired  amount  of  liquid  etlier  from  ze 
5.8  C,  C.  Thu8  the  air  iaay  be  impregnated  by  aiiy  vapor  percentage  from 
to  28  per  cent.  by  volume,  or  better  ezpresBed  as  partial  preasure  of  etber  \ 
ranging  from  O  to  210  mm. 


Fig.  26. — Tbb  Anesthetohetbr,  Orioikal  Hospital  and  Laboiutobt  Modbi~  I,  Infloir;  2. 
valve;  3.  cock:  4,  meter;  5,  dial;  6.  outlet  of  meter;  7,  gloa  vaporuing  ch&mber:  8.  abmrptio 
0.  ekctric  heatcr;  10,  manometer;  II.  instsntaneous  g&a-flow  8au«ei  12,  ouUet;  13,  thermo 
14,  Idobc  pUton  of  Bas-fiow  RBURe;  15,  cthcr  fecd  pipCH;  16.  function  elutch;  17,  ether  cwck; 
gan-OKvei-n  miiing  unit  {ab*ndoncd);  20.  rcvolving  disc;  21,  piaton  crank;  22.  ether  chi 
23,  diaplaccmetit  piaton;  24,  Bcrcw  apindle;  25,  fillins  cup;  26,  windaw;  27,  28,  29,  30,  31, 1 
mcehanisni. 


The  second  iiiiit  of  the  apparatiis  (B,  Fig.  27)  meaaures  out  the 
into  the  third  unit,  the  vaporizer  (O).  This  second  unit  consists  of 
eral  parts;  first  a  small  glasa  ether  cnp  (4,  Fig.  27),  ou  which  a  can  of 
inay  bo  invprted.  The  ether  drips  oiit  from  the  can  ns  needed  into  tbt 
\vhen  the  level  of  tlie  etbcr  in  tlie  cnp  becomes  lower  than  the  moiitb  o 
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ran.  Tbis  climinates  the  necesaitj  for  a  large  reservoir.  The  second  part 
of  this  unit  is  a  compound  three-way  cock.  By  moveinent  of  tliis  cock,  ether 
flowB  from  the  ciip  into  a  horizontal  hjpodemiie  sjringe.  By  a  return  move- 
ment  of  tlie  cock,  the  ether  thua  meaaiired  into  the  ehamber  is  emptied  into 
ibe  vsporizer.  The  eock  ia  moved  bv  the  meter  through  a  siniple  connect- 
ing  mecbanlsm  at  each  revohition  of  the  meter  and  thua  a  definite  qiiantity 


Fw.  37~Tai  CosMtu,  Anbbthbtohbteb,  Simplified  model  for  ether  vapor.  A,  Oas  meter;  E 
•*tw-nifuiurinK  &ppHTB[us;  C,  vBjioriicr.  I,  Air  mflow;  2,  pop  i)a[et.y  valve;  3,  outlet  trom  mete 
tO  ftporiuv;  4,   ether  cup;   6.    U   pressure  giiuge;  O,  inataotUDenuB  gafl-flow  gsuge;    7,  outlet  c 


o/ ether  in  meaBured  into  a  definite  atnount  of  air.    The  capacity  of  the  sjringe 
iumodificd  by  nioving  the  piston  in  or  ont  bj  a  8crew,  diminishing  or  increas- 

iltU  tlie  iiiiioniit  of  Ii(|nid  etber  meaanred  off  at  each  revolntion  of  the  meter. 
A  Bcaie  of  measnremcnt  is  attacbed  to  the  glaaa  barrel  of  the  Byringe  with 

fnda&tiana,  expre8sed  in  millimeters  of  ether  vapor  preaaure.     The  availnble 
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percentage  or  pressure  of  ether  vapor  ranges  from  zero  to  210  mm.  Thus  the 
piston  may  be  set  to  the  50  mm.  graduation,  and  by  charging  the  ether  eup 
and  supplying  conipressed  air  to  the  meter  the  apparatus  automatically  meas- 
ures  1.14  c.  c.  of  Hqiiid  ether  into  each  3.30  liters  of  air.  The  resultant  output 
of  vapor  mixtiire  from  the  apparatus  contains  50  parts  of  ether  vapor  in  each 
760  parts  of  mixture,  phy3iologically  a  strength  of  mixture  on  which  the  entire 
animal  kingdom  may  be  8afely  held  im  full  surgical  anesthesia  for  many  hours. 

The  third  iinit  (C)  is  the  vaporizer,  a  thin  metal  double  bottom  on  which 
is  set  the  foregoing  unit.  The  liquid  ether  from  the  measuring  unit  and  the 
air  measured  from  the  meter  flow  through  this  bottom  in  a  tortuous  course. 
The  snrface  of  this  channel  is  so  devised  that  the  metal  acts  as  a  radiator  and 
supplies  in  total  from  the  atmosphere  of  the  room  the  heat  necessary  to  evapo- 
rate  and  warm  the  mixture  to  room  temperature.  This  obviates  the  nece8sity 
for  artificial  electric  heat.  The  resultant  mixture  finally  emerges  from  the 
vaporizer  without  material  loss  of  heat  or  moisture.  The  mixture  flow8  out 
through  an  instantaneous  gas  flow  gauge,  an  aluminum  piston  moving  in  a 
vertical  glass  tube  calibrated  so  that  the  operator  mav  observe  at  any  moment 
at  what  rate  the  mixture  is  being  delivered.  The  apparatus  also  embodies  a 
pressure  gauge  (No.  5)  and  an  adjustable  safety  valve  (No.  2). 

Advantages. — The  desirability  and  utility  of  sueh  an  instrument  as  will 
automatically  deliver  any  quantity  and  strength  of  anesthetic  mixture,  under 
full  eontrol  of  the  anesthetist,  have  been  8ufficietitly  set  forth. 

By  the  use  of  such  an  accurate  instrument  and  with  the  theoretical  knowl- 
edge  of  the  underlving  facts  of  ether  administration,  the  average  novice  anes- 
thetist  rapidlv  acquires  facility  in  properly  inducing  and  maintaining  a  perfec- 
tion  of  anesthesia  by  these  accurate  vapor  methods,  which  is  attained  in  an 
empiric  way  only  by  exceptionally  adept  individuals  and  after  years  of  traiuing 
in  the  cruder  methods. 

AOOIDENTS    OF    ANESTHESIA 

Accidents  from  Diecomposition  and  Ignition  of  the  Anesthetic  Agent— Chloro- 
form  should  not  be  administered  in  a  closed  room  in  the  presence  of  a  naked 
flame,  since  the  free  vapor  is  decomposed  into  highly  irritating  fumes  (phos- 
phagon  and  hvdrochloric  acid),  which  are  detrimental  to  the  patient  and  may 
be  overpowering  to  the  surgical  attendants. 

Ether  should  be  used  with  precaution  against  ignition  J)articularly  from 
the  thermocautery  and  from  sparking  electric  apparatus.  When  the  cautery 
is  used  in  the  region  of  the  head  or  neck,  the  ether  should  be  withdrawn  for  a 
minute  or  two  prior  to  the  use  of  the  cauterv.  The  expired  breath  highly 
charged  with  ether  may  ignite  with  a  blue  flame  and  bum  at  the  lips.  Fortu- 
nately  this  does  not  fla^h  back  into  the  respiratorv  tract,  but  becomes  extin- 
guished  by  the  cooling  effect  of  the  mucous  membrane.  When  the  cauterv  muat 
be  used  in  the  region  of  the  mouth,  chloroforpi  is  the  .'anesthetic  of  choice. 
When  the  cautery  is  used  elsewhere,  čare  must  be  taken  that  it  is  not  held  bo- 
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ln\v  tlie  level  of  the  table  (siuce  the  lieavy  ether  vapor  einka)  and  tliat  tlie  cur- 
rent  of  ether  exhalation  from  tlie  patient  is  deflectetl  away  from  the  cauterv 
hy  a  nioist  towel  over  the  patient'«  face. 

Obstmction  to  Respiration. — Of  the  varioua  factors  contributing  to  irregu- 
lar  anesthesia  and  often  leading  to  reapiratorv  and  eardiovasciilar  dUaster,  the 
iiioet  common  ia  reapiratorv  obstmction.  Thie  obstmction  is  nsiiall^  at  the 
bas«  of  the  toagiie  and  in  the  deep  pbarj^ns  and  ia  due  to  relaxation  of  rauscular 
siipport,  but  mav  he  at  any  of  the  following  sites: 

A.  NASAl.  OBSTRUCTION.^ — ^The  ali?  of  the  noše  may  collapse  on  inspira- 
tion.    For  this  the  noatril  may  be  held  open  by  a  bent  bairpin  or  probe. 

Obstmction  niay  be  occasioned  by  insiifficiencv  of  the  nasal  passage.  As  a 
remedj-,  mouth  bveathing  must  be  inatitnted.  Tf  in  the  preliniinary  esaraina- 
tit»D  anv  nasal  obstmction  ia  evident,  it  ia  well  to  impress  on  the  patient  the 
iic<?es9ity  of  brcathinjir  throngh  the  ninuth  during  indnctioii,  With  pure  nitroiia 
■>xi<l  Hsphvsial  anesthesia,  it  is  best  to  have  a  rubber  mouth  gag  between  the 
te^tii  as  a  prcHniinarv  measnre  to  indnction. 

B.  MOUTH  OB8TRUCTION. — Oci-asionallv  the  relaxed  lips  of  elderly  people 
and  (if  those  from  whom  false  teeth  have  been  renioved  act  aa  a  donble  flapper 
val\c  obatrncting  inspiration.  To  hold  the  Hps  open  and  gnma  apart  a  amall 
va#J  of  gauzo  niay  be  tncked  into  an  angle  of  the  mouth. 

Close  aet  teeth  clenched  from  excitement  or  from  asphyxia  may  obatruct 
respiration.  It  is  difficiilt  to  uniock  theae  jaw9  hy  a  mouth  gag.  The  best 
reinedv  liea  in  the  prevention  of  aiich  nianifestationa  of  aaphyxia.  The  quickest 
relief  is  affoided  by  passing  a  size  2"2  F.  soft  rubber  catheter  with  multiple 
\a.teral  eyelcts  a  distance  of  14  cm.  throngh  each  noatril.  When*the  condition 
of  acute  a9phyxia  haa  been  relieved,  and  the  jaws  relax  siifficicntly  to  be  ea8ily 
lirW  open,  a  pharyngeal  brcathing  tube  should  be  inserted. 

C.  PHABTNGEAL  OBSTRUCTION. — The  base  of  the  tongue  niay  drop'  into 
"*e  pharynx  from  the  relaxation  of  miiacular  aupport.  This  ia  the  most  common 
ff  ali  obstnietions.  It  can  usnally  be  met  hy  adjusting  the  head  and  jaw  of  the 
Pttietit,  The  head  muet  uanallv  be  extended  and  thrown  Bliglitly  to  one  aide 
■^d  the  Iower  jaw  tbrust  forward  until  absence  of  atertor  and  full  movemeiit 
"'  tb(i  ehest  wall  and  abdomen  indicatc  an  unobstrueted  airway.  Occasionally» 
"••iav  mtiat  be  belil  forward  cniitinuoualy  by  the  anesthetist  throngh  a  gen- 
"^  pressure  with  hia  flngiTs  beneath  the  bodv  of  the  jaw  at  abnnt  the 
"iciupiit  teeth.  Occasioimlly  a  rather  forccful  forward  thmst  niuBt  be 
CAercinpd  by  well-d  Istri  buted  pressurc  behind  the  angle  of  the  jaw, 
Inmiving  the  Iower  jaw  into  an  "undersbot"  position.  Prolongcd  and 
fcrccful  prcsaiire  on  one  apot  may  iucite  a  subaofiuent  painful  traumatic 
paroLitifl. 

If  the  obstmction  can  be  cleared  in  no  other  way,  the  tongue  miist  be  puUed 
fonvard  directly  by  the  thumb  and  forefinger  or  by  a  tongue  clamp  or  traction 
(uture  pnsaed  through  the  tongne.  The  tongue  niav  be  scized  by  oponing  the 
iDoath  and  depreaaing  the  cliin.    On  the  next  attempt  at  expiration  the  tongue 
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Fio.  28. — Thb  Connkll  Phartnocal  Breathino  Tube. 
A  flattened  metallic  tube,  ea8ily  inserted,  fitting  the 
curve  of  the  palate  and  pharynx,  not  compreadble  by 
the  bite  of  the  teeth,  and  providing  an  abundantiy  free 
airway  into  the  lower  phaxynx 


will  be  found  to  protrude  and  inay  be  seized  in  a  piece  of  gauze  between  the 
thumb  and  f orefinger. 

These  barbarous  methods  of  tongue  traction  and  the  forceful  holding  for- 
ward  of  the  jaw  may  be  obviated  by  the  introduction  of  an  artificial  airway 
reaching  from  the  lips  into  the  lower  pharynx.  A  convenient  improvised  form 
is  a  %  in.  nibber  tube,  5  in.  long  with  two  lateral  eyelets  at  the  pharyngeal  end. 
The  Cobum  breathing  tube  is  of  this  pattem.  A  useful  procedure  of  Bennett 
to  hold  the  tongue  fonvard  is  to  wrap  the  shaft  of  this  breathing  tube  with 

fluif  gauze  so  that  it  will  ad- 
here  to  the  rugffi  of  the  palate 
and  to  the  tongue.  By  draw- 
ing  out  the  tongue  it  will  be 
held  fonvard  and  leave  free 
the  pharyngeal  airway.  The 
b  e  s  t  device  is  the  Connell 
breathing  tube,  a  flattened  cop- 
per  tube,  accurately  fitting  the 
curve  of  the  palate  and 
pharynx,  incompressible  by 
the  bite  of  the  teeth  and  pro- 
viding an  abundant  airway  with  mineral  displacement  of  oral  structures  (see 
Fig.  28).  This  may  be  easily  inserted  at  the  first  indication  of  obstruction 
and  guarantees  against  many  of  the  embarrassments  of  f  aulty  airway  and  f  aultv 
administration  of  the  anesthetic. 

D.  OBSTRUCTION  OF  THE  GLOTTIS.— The  epiglottis  niay  fall  over  the  aper- 
ture  of  the  glottis  by  the  same  muscle  relaxation  which  allows  the  tongue  to  fall 
back.    It  is  raised  by  the  same  maneuvers  which  carry  forward  the  tongue. 

Occasionally,  as  the  result  of  powerful  in8piratory  efforts  in  the  course  of 
asphyxial  obstruction,  the  epiglottis  will  be  sucked  tight  as  a  cork  into  the 
aperture  of  the  glottis.  Pulling  forward  the  tip  of  the  tongue  does  not  rolieve 
this  obstruction.  For  relief,  the  base  of  the  tongue  as  a  whole  must  be  car- 
ried  forward  by  2  fingers  in  the  pharynx  or  by  forceps  which  grasp  the  linguo- 
epiglottic  f old  and  carry  f orward  the  whole  base  of  the  tongue. 

During  light  anesthesia  the  glottis  may  be  thrown  into  tonic  spasm  by  over- 
concentrated  vapors.  This  passes  off  spontaneously,  but  may  render  the  subse- 
quent  course  of  etherization  more  stormy. 

The  glottis  may  be  obstructed  by  a  foreign  body,  such  as  false  teeth,  chew- 
ing  gum  and  tobacco.  This  should  be  prevented  by  preliminary  search  for 
loose  foreign  bodies  in  the  mouth.  The  treatment  is  by  digital  removal,  or  by 
tracheotomy  in  the  face  of  impending  dissolution. 

E.  TRACHEAL  OBSTRUCTION. — The  usual  cause  of  tracheal  obstruction  is 
coUapse  of  diseased  tracheal  walls  during  inspiration,  or  pressure  of  a  tumor  in 
the  region  of  the  thyroid  or  of  the  thymus  gland.  If  pathological  conditions 
are  known  to  exist  which  may  cause  such  sudden  obstruction  in  the  course  of 
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nnesthesia,  t-his  diaaster  niay  be  forestalled  by  the  intratraclioa!  insiifflation 
method  of  aiiesthesia.  Obstnictioii  once  developed  rniiat  be  promptlv  relieved 
bv  passing  a  large  urethral  cathoter,  aize  26  F.,  or  other  tube  by  way  of  the 
larj-iLs  or  tlirougt  a  trachcotoiuv  woimd.  well  past  the  obstniction,  Suddenij 
developed  obstnictive  aapbjxia  from  an  enlarged  thjraUB  and  from  thoracic 
poiter  ma_v  be  thus  relieved.  Diagnosis  is  difRcult  unless  tlie  pathological  con- 
dition  be  siispected  before  anesthesia.  The  above  meaaure  for  relief  of  obatnie- 
tion  sbould  be  emploved  wheii  aciite  obatriietive  aspliyxia  bas  not  yielded  to  the 
opening  of  the  upper  nirv/a.v,  and  death  is  impending. 

F.  BRONCHIAL  OBSTRUCTION. — The  finor  bronchi  become  obstructed  by 
luncus  and  vomitiiB,  Oversecretion  of  mucus  is  the  more  common  and  resulta 
from  conceutratcd  aud  irritating  vapors,  particnlarlv  from  rapid  and  irregiilar 
induction  and  irregiilar  maintenant-e  of  very  light  anesthesia.  The  condition 
'S  indicated  by  rattling  and  moist  rales  and  sJight  cyano8is. 

TttE.vTMENT.— Bronchial  obstnietion  slioiild  be  avoided  by  smocth  induc- 
tion  nnd  full,  continuous  anesthesia.  Escesa  of  mucua  inay  be  relieved  by  low- 
«ring  the  head  of  the  table  aud  by  allowing  the  patient  to  emerge  from  aiiestheaia 
imtil  coughing  clears  the  obatruction.  Hociirrence  is  prevented  by  full  anea- 
thesia  or  by  hvpodennic  administration  of  atropin,  grain  1/100. 

Inspiration  of  vomitua  is  another  factor  in  obstnietion.  It  raay  be  obviated, 
first.  hy  aneathetizing  only  when  the  stomaeh  is  empty;  aocond,  bv  full  cou- 
t'tiuoua  ane^tbesia;  third,  bv  the  proper  management  of  the  head  when  vomit- 
">(^  cx;cnrs,  i.  e.,  turning  the  head  to  one  aide  and  allowing  the  propulsive 
"»echnnism  of  vomiting  and  coughing  to  evacuate  the  moutb  and  pharynx 
•»efore  the  aneatbetic  is  again  resumed.  The  obstinate  Tomiting  of.  inteatinal 
™^*niction  ia  to  be  relieved  during  the  operation  by  repeated  lavage, 

Vomiting.— I rritability  of  the  vomiting  center  is  phvsiological  at  a  certain 
™*'^1  iu  the  subconscious  zone  of  general  aneatheaia.  At  thia  level  tlie  vomiting 
tenter  is  undergoing  disassociation  or  reaasociation.  If  the  indiiction  of  an- 
^tliesia  ia  aniooth  and  continuous  the  vomiting  center  usiiallv  beconiea  anea- 
'^tijied  without  ex<'itation.  If  the  anesthetic  ia  irregiilarly  administered  or  the 
'*»ke  of  the  anesthetic,  is  delayed  by  breath  holding  or  by  small  tidal  volumo, 
w?hen  alidomen  is  rigid,  then  vomiting  more  commonly  ensues.     Vomiting 

;  occiir  in  the  stage  of  full  sitrgica!  anesthesia. 
In  the  stage  of  recoverv  atiboonseioua  vomiting  to  the  ejctent  of  alight  retcb- 
^^         frequently  occurs  in  ali  general  anesthesias.     After  tbia  the  patient  lapsea 
^*in  into  aleep. 

Vomiting  in  the  progress  of  anesthesia  is  judged  to  be  impending  when 

"^   light  dnsage  of  the  agent  anesthesia  aeema  Huddenly  to  deepen,  tlie  pulse 

^JitinisheB  in  voIuhip,  the  skin  grow8  pale,  and  increa-ied  lacrimatinn  appeara. 

^«o  most  reliable  sigii  is  a  long  inspiration  foliowed  by  a  panae,  a  moment 

Mtoc  which,  if  the  anesthetic  be  not  immediately  increased,  vomiting  may  be 

«pwted. 

TBEATUENT. — Vomiting  may  frequently  be  Inhibited  wheD  threatening,  by 
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rapidly  and  repeatedly  stimulating  the  pupillary  light  reflex  by  opening  and 
closing  the  eyelid  a  dozen  times  or  more.  It  may  also  be  inhibited  by  chafing 
the  face,  by  rubbing  the  lips,  by  administering  a  strong  whiff  of  fresh  cold  ether 
vapor,  or  by  a  light  tap  over  the  epigastrium. 

When  vomiting  occiirs  the  face  mask  should  be  romoved,  the  head  tumed  to 
one  side,  and  the  mouth  allowed  to  open.  The  anesthetic  should  not  be  resumed 
imtil  the  aet  has  been  completed  and  the  pharynx  sponged  out,  or  emptied  by 
coughing.  The  first  subsequent  deep  inhalations  are  assisted  by  dragging  the 
jaw  fonvard.  Eepeated  vomiting,  as  during  anesthesia  for  operation  on  in- 
testinal  obstniction,  should  be  relieved  by  gastric  lavage. 

Fiilinonary  Edema. — Pulmonary  edema  may  result  from  cardiac  decom- 
pensation  occasioned  by  anesthesia  and  the  shock  of  the  surgical  procedure.  It 
has  also  been  occasioned  during  anesthesia  by  flooding  the  cardiovascular  8y8- 
tem  with  an  cKcessive  quantity  of  saline  infusion. 

The  symptoms  are  those  of  circulatory  depression,  a  pale  cyanotic  color,  the 
exhalation  of  watery  and  frothy  material  from  the  mouth  in  large  quantity, 
and  an  abundance  of  moist  rales. 

TBEATMENT. — Aside  from  the  usual  intravenous  epinephrin  and  strjchnin 
stimulation  and  the  depletion  of  venous  engorgement  by  phlebotomy  when  indi- 
cated,  the  most  effectual  treatment  is  that  of  Bennett.  Bennett  injects  into  the 
rectum  2  ounces  of  concentrated  solution  of  magnesium  sulphate.  This  is  fol- 
lowed  in  favorable  cases,  within  10  minutes,  by  marked  diminution  or  relief  of 
the  pulmonary  edema. 

Be8piratory  Failure. — ETIOLOGT.— The  most  common  cause  of  respiratorv 
failure  is  acute  or  chronic  asphyxia  of  the  respiratory  center  with  conseguent 
suspension  of  its  automaticity.  Acute  asphyxia  as  a  cause  is  commonIy  re- 
sultant  from  complete  obstniction  in  the  upper  airway  during  the  stage  of  in- 
duction.  Chronic  asphyxia  as  a  cause  is  resultant  from  partial  obstniction  pro- 
longed  over  the  course  of  anesthesia,  or  from  persistent  rebreathing  and  oxygen 
starvation.  Both  forms  are  most  coinmonly  seen  in  nitrous  oxid  and  in  ether 
anesthesia  and  are  usually  due  to  blunders  of  an  incompetent  anesthetist. 

A  less  common  cause  of  respiratory  failure  is  overdosage  of  anesthetic. 
This  may  be  a  sudden  large  dose  or  prolonged  gradual  overdosage. 

To  the  third  group  of  etiological  factors  belongs  the  toxemia  of  disease. 
This  is  rarely  a  primary,  but  usually  an  accessory,  factor  to  the  depression  of 
asphyxia  and  overdosage  of  anesthetic. 

STMPTOMS. — In  acute  respiratory  failure  usually  after  a  period  of  violent 
muscular  eflFort  at  respiratory  movement  these  efforts  suddenly  cease.  The 
patient  meanwhile  turns  bluish  and  then  livid,  jactitation  of  asphyxia  appears, 
the  eyes  open  and  bulge,  the  pupil  dilates,  the  blood  pressure  first  rises  and  the 
pulse  8low8,  then  becomes  rapid  and  irregular  with  sharp  fall  of  blood  pressure. 
This  form  is  seen  several  times  a  year  in  any  large  hospital  training  novice  an- 
esthetists  and  usually  results  from  obstruction,  less  commonly  from  spasm, 
and  least  commonly  from  acute  overdosage  of  anesthetic 
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In  the  chronic  form  of  desensitization  of  the  respiratory  center  the  respira- 
tion  grows  more  shallow  and  irregular,  tending  toward  the  Chejne-Stokes  type 
of  rhythm.  The  color  becomes  pale  with  pronounced  cvanotic  tinge,  the  heart 
action  becomes  more  rapid,  the  blood  pressiire  falls,  and  finallj  the  respiration 
stops.  This  is  far  more  serious  from  the  standpoint  of  resuscitation  than  an 
acute  form  of  failure. 

TKEATMENT  OF  FAILURE  FROM  ACUTE  OBSTBUCTION. — If  obstruction  be 
relieved  or  the  anesthetic  be  withdrawn  the  condition  usuallj  rights  itself 
automaticallv,  probably  from  cumiilative  carbon  dioxid  stimnlation  of  the  res- 
piratory  center.  A  size  22  F.  catheter  is  passed  through  each  nostril  a  distance 
of  12  to  14  cm.  If  this  does  not  relieve  the  asphyxia  the  mouth  must  be  pried 
open  and  the  base  of  the  tongue  and  epiglottis  carried  forward  by  2  fingers 
down  the  throat,  and  artificial  respiration  institiited.  The  crisis  arising  from 
such  obstruction  is  usuallj  passed  within  GO  seconds, 

TKEATMENT  OF  FAILURE  FROM  ACUTE    OVERDOSAGE. — From  acute  over- 

dosage  of  anesthetic  recovery  is  more  gradual  and  the  respiration  must  be  car- 
ried on  by  artificial  means  sometimes  for  a  period  of  10  or  15  minutes  before 
automaticity  of  respiration  is  reestablished.  If  in  addition  the  circulatory 
center  has  been  asphyxiated  or  intoxicated,  measures  directed  as  in  cardiac  fail- 
ure must  be  instituted. 

TKEATMENT  OF  FAILURE  FROM  CHRONIC  OBSTRUCTION.— For     the     slow 

and  chronic  type  of  respiratory  failure  the  best  measure,  as  with  the  acute  type, 
is  preventive,  in  keeping  the  airway  open  and  relieving  the  respiratory  center 
from  overwork  in  the  early  stages  of  anesthesia.  The  same  treatment  must  be 
instituted  as  with  acute  asphyxia,  namely,  opening  af  the  upper  airway,  with- 
drawal  of  anesthetic,  and  institution  of  artificial  respiration.  The  most  effec- 
tive  means  of  artificial  respiration  is  by  intratracheal  insuflBation  of  air  or 
oxygen  mixture,  using  about  20  liters  of  air  per  minute  and  interrupting  the 
cmrrent  about  15  times  a  minute. 

The  presence  of  carbon  dioxid  up  to  10  per  cent.  in  the  air  acts  as  a  marked 
stimulus  in  starting  the  respiratory  center. 

Cardiac  Failure. — ETIOLOGT. — Predisposition  to  cardiac  failure  may  be  due 
to  fatty  and  other  degenerative  myocardial  changes.  The  intoxication  of  dis- 
ease,  such  as  sepsis  and  uremia,  and  pathological  states,  prominently  status 
hniphaiicus,  are  contributing  f  actors. 

The  exciting  causes  are :  first,  nervous  inhibition  ;  and,  second,  intoxication 
of  the  muscle  by  the  anesthetic  agent.  From  nervous  inhibition,  even  before 
the  anesthetic  is  inhaled,  the  patient  may  die  from  psvchic  shock.  Similarly 
s^dden  arrest  of  the  heart  from  nervous  inhibition  mav  be  induced  early  in 
chloroform  and  in  ethyl  chlorid  anesthesia  by  the  irritation  of  too  strong  anes- 
thetic vapors  and  by  the  psychic  influence  of  trauma,  such  as  the  movement  of 
*  painful  joint,  when  the  patient  is  not  sufficientlj  anesthetized.  The  heart 
™v  also  be  stopped  earlv  in  chloroform  and  in  ethvl  chlorid  anesthesia  by 
*<Jtual  overdosage  of  anesthetic.     This  eonmionlv  occurs  by  inhaling  concen- 
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trated  vapors  during  a  period  of  excited  breathing.  Thus  a  wave  of  toxic 
blood  passes  to  the  left  heart  and  overwhelms  the  heart  muscle,  even  before  the 
nervous  system  is  affected.  Ether,  being  less  toxic  to  heart  muscle  and  requiring 
much  higher  concentration,  practicallj  never  causes  this  sudden  cardiac  death. 
Cardiac  failure  from  gradual  overdosage  is  rarely  seen,  even  in  chloroform 
anesthesia,  since  the  signs  of  gradually  deepening  anesthesia  and  falling  blood 
pressure  serve  as  a  waming.  In  ether  anesthesia  the  respiratorj  center  fails 
so  long  before  the  heart  that  arrest  follows  respiratory  failure  only  when  the 
resultant  asphyxia  is  unrelieved. 

PR0PHYLAXIS. — Chloroform  and  ethyl  chlorid  should  especially  be  avoided 
in  the  lymphoid  conditions  of  childhood,  also  where  adult  status  Iymphaticu8  is 
suspected,  or  degenerative  or  toxic  changes  of  the  heart  are  present. 

TBEATMENT. — After  sudden  stoppage  by  nervous  inhibition  the  heart  beat 
may  again  become  active,  either  spontaneou8ly  or  by  extemal  stimulation,  as 
by  pressing  with  a  hot  towel  about  60  times  per  minute  over  the  precordia. 
From  cessation  of  heart  beat  by  acute  chloroform  intoxication  the  heart  is  only 
to  be  resuscitated  by  massaging  the  toxic  blood  out  of  the  heart  muscle  and 
cavities.  Thus  in  intra-abdominal  operations  the  heart  has  been  resuscitated 
by  transdiaphragmatic  massage  several  minutes  after  rhythmical  motion  had 
ceased.  This  method,  as  well  as  transpleural  pericardotomy  for  purpose  of 
cardiac  massage,  may  be  practiced  with  some  slight  hope  of  resuscitation  up  to 
12  minutes  after  death.  The  usual  drug  stimulants  are  of  no  avail  in  cardiac 
failure,  since  circulation  has  ceased.  As  shown  by  Meltzer,  electric  stim- 
ulation  by  weak  faradic  current  at  the  auriculoventricular  sinus  is  the  most 
eflFective  stimulus  in  resuscitating  the  heart. 

A  method  of  retrograde  arterial  dosage  with  epinephrin  has  been  suggested 
by  Lieb.  The  radical  artery  is  exposed  and  divided  and  the  proximal  end  can- 
nuHzed,  as  for  intravenous  infusion.  Normal  saline,  500  to  1,000  c  c,  is  in- 
jected  into  the  artery  under  a  head  of  4  feet  of  gravity.  When  tBe  flow  is  well 
established  10  minims  of  epinephrin  solution  1 :1,000  is  administered  by  slowly 
injecting  it  by  hypodermic  syringe  through  the  wall  of  the  infusion  tubing. 
This  dose  is  repeated  4  or  5  times  during  the  infusion  in  the  hope  that 
the  epinephrin  saline  solution  may  back  up  and  out  into  the  coronary 
artery,  and  thus  stimulate  the  heart  muscle  to  again  resume  rhythmical  con- 
traction. 

For  failure  of  gradual  onset  the  anesthetic,  if  excessive  in  dosage,  must  be 
diminished  and  an  abundance  of  air  supplied  and  the  usual  cardiovascular 
stimulants  employed. 

Surgical  Shock. — The  obscure  condition  known  as  surgical  shock,  char- 
acterized  by  a  persistent  fall  in  blood  pressure,  by  accumulation  of  blood  in  the 
splanehnic  area,  and  by  lowering  of  ali  body  functional  activity,  may  arise  as 
one  of  the  complications  of  anesthesia. 

ETI0L0GY. — Predisposing  to  this  condition  is  any  depletion  of  body  activitv 
such  as  exhaustion  from  pain  or  from  disease.     The  exciting  causes  from  the 
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stirgcon'8  side  are:  first,  inadequate  preparation  of  the  patient  phjsicallj  and 
ner"V"ously  for  the  operation  in  hand;  second,  excessive  blood  letting;  third,  ex- 
eessive  surgical  trauma, .  particularly  by  rough  manipulation  of  great  joints, 
of  j>criosteum,  of  peritoneum,  and  of  pleura,  and  by  traction  on  viscera,  espe- 
ciall^  in  the  splanchnic  area.  From  the  anesthetist's  side  the  exciting  causes 
are  z  first,  too  light  a  degree  of  anesthesia  during  the  foregoing  severe  surgical 
manipulations;  second,  long-continued  strain  on  the  respiratory  apparatus  by 
partial  respiratory  obstmction;  third,  chilling;  fourth,  a  bad  position  of  the 
patient  during  anesthesia,  such  as  the  high  inverted  (or  Trendelenburg)  posi- 
tion, or  the  sitting  posture;  fifth,  continuou8ly  maintained  intrathoracic  pres- 
siire  in  excess  of  15  to  20  mm. 

TBEATMENT. — Measures  to  be  eflFective  must  lie  not  so  much  in  treatment 
as  in  prevention  of  shock,  since  when  the  shock  is  fully  developed  active  treat- 
ment is  of  little  avail.  Extemal  heat  should  be  applied  by  hot  blankets  and 
hot-vrater  bags.  The  various  adverse  or  etiological  factors  should  be  so  modified 
as  to  be  no  longer  operative.  The  body  should  lie  horizontally,  the  head  slightly 
lowered. 

The  only  drugs  of  proved  value  are  strychnin  and  epinephrin  administered 

intravenou8ly,  8trychnin  in  dosage  up  to  1/20  grain,  and  epinephrin  solution 

f^i    dosage  of  10  to  70  minims.     Epinephrin  is  best  administered  with  500  to 

l>OO0  C.  C  of  saline  by  intravenous  infusion,  injecting  the  drug  gradually  as  it 

18  needed  by  hypodermic  syringe  into  the  rubber  tube  which  carries  the  saline 

i^ifnsion.   When  hemorrhage  has  been  the  principal  factor  in  the  causation  of 

shock  a  large  infusipn  of  normal  saline  up  to  1,500  c.  c.  should  be  administered, 

^^  SOO  to  1,000  C.  C.  of  heterologous  blood  may  be  transfused.    Artificial  respira- 

^ion  by  the  Sylve8ter  method,  so  as  to  obtain  a  pumping  eflFect  on  the  blood 

^^^iises,  may  be  employed  where  respiration  is  much  depressed.    When  the  state 

P^  Anesthesia  begins  to  lighten,  the  nervous  sy8tem  should  be  blunted  to  p8ychic 

^^^pressions  and  sensations  of  pain  by  a  moderate  dose  of  morphin.    However, 

^hi^   drug  must  te  used  with  caution,  since  it  is  an  undesirable  depressant  of 

''^^J^iration  when  shock  is  acute.     An  effective  re8piratory  stimulant  is  carbon 

^^03cid  administered  by  inhalation,  1  volume  to  10  of  air  or  oxygen.    This  also 

^^^icls  to  relieve  the  venous  congestion  present  in  surgical  shock. 

Herve  Lesions. — ^During  anesthesia  various  nerves  may  be  compressed  or 

®^^^^ched,  with  subsequent  anesthesia  or  paralvsis.     The  most  common  lesion  is 

^^*i^t  drop.     This  occurs  from  compression  of  the  musculospiral  nerve  in  the 

^^*^dle  third  of  the  arm  by  allowing  the  middle  third  of  the  humerus  to  hang 

^^^inst  the  edge  of  the  table.     A  less  common  paralvsis  is  the  flexor  pal8y  of 

*^^    forearm  from  continuous  stretching  of  the  median  and  ulnar  ner\^e  in  the 

^^illa  by  hyperextending  the  arm  above  the  head  during  anesthesia. 

PBOPHYLAXIS. — The  anesthetist  should  be  ever  watchful  lest  the  arm  hang 

^^^'r  or  be  dropped  8harply  against  the  edge  of  the  table.     The  hyperextended 

P^ition  of  the  arms  should  never  be  induced.     The  arms  preferably  are  ad- 

^^cted  at  the  sides,  forearm  extended  parallel  to  the  axis  of  the  body,  and  are 
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folded  into  a  sheet  or  other  band  passing  beiicath  the  patient.  A  common  posi- 
tion,  less  desirable  because  of  restriction  to  re8piratory  movement,  is  with  the 
foreanris  folded  across  the  chest,  the  sleeves  piiined  together  at  the  wrist8. 

With  a  patient  in  the  lateral  posture  the  arm  should  not  lie  directly  be- 
neath  hiin.  In  this  position  čare  should  also  be  taken  that  no  edge  of  fumiture 
or  apparatus  presses  against  the  extemal  popliteal  nerve  where  it  lies  super- 
ficially  below  the  head  of  the  fibula. 


CHAPTER   IV 

PBEPABATION    OF    PATIENTS    FOR    OPERATION 

Chaeles  E.  Fars 

To  prepare  a  patient  for  operation  various  f actors  must  be  considered,  such 
as  the  age,  8ex,  mental  condition,  the  phjsical  state  of  the  various  organs,  and, 
lastlj,  the  part  to  be  operated  upon.  The  preparation  itself  has  two  sides,  a 
mental  and  a  physical,  and  its  object  is  to  bring  the  patient  to  the  operating 
table  in  as  nearlj  a  normal  condition  in  eaeh  respect  as  may  be  possible. 

From  a  superficial  point  of  view  the  less  mental  preparation  we  have  the 
better,  but  a  certain  amount  of  it  is  a  necessarj  evil  except  in  the  mentally 
incompetent,  such  as  children,  idiots,  and  the  unconscious.  Worry  and  fear 
unquestionably  sap  the  vital  powers  of  resistance  to  shock  and  infection,  while 
the  smooth  convalescence  of  the  emergency  čase  is  proverbial.  Hovvever,  it  must 
be  kept  in  mind  that  bere,  as  in  children,  we  are  dealing  with  a  local  lesion  in 
tissues  otherwise  presumably  sound.  When  conditions  are  not  so  favorable 
unpleasant  sequels  are  only  too  common. 

A  frank  discussion  of  the  čase  can  do  no  harm  and,  indeed,  is  necessary  in 

order  to  obtain  a  legal  consent,  based  upon  a  reasonable  degree  of  knowledge. 

Fearful  descriptions  of  operative  details  must  be  avoided,  but  there  should  be  a 

clear,  though  brief,  statement  of  what  is  to  be  done,  giving  the  advantages  and 

the  disadvantages  of  the  operation  and  comparing  its  dangers  with  the  dangers 

or  discomforts  of  the  diseased  condition.     The  statement  that  an  operation  is 

vithout  danger  should  never  be  made,  as  it  is  not  trne.      Even  the  pulling  of  a 

tooth  has  resulted  f  atally  more  than  once.    However,  one  may  honestly  say  that 

the  danger  is  very  slight,  or  remote  in  the  average  čase,  and  is  far  outweighed 

^  the  benefits  to  be  attained. 

Aside  from  this  one  necessary  discussion  ali  reference  to  operation  should  be 
8tiidiously  avoided  and  the  atmosphere  and  environment  of  the  patient  should 
^  kept  as  cheerful,  diverting,  and  encouraging  as  possible.  In  particular,  dole- 
M  friends  and  relatives,  with  gruesome  tales  of  other  operations  of  a  similar 
'^ind  and  always  with  an  unfavorable  or  fatal  ending,  must  be  excluded. 

Once  an  operation  has  been  determined  upon  nothing  is  to  be  gained  by 
Qelay  unless  the  physical  or  mental  state  of  the  patient  can  surely  be  improved 
thereby.    In  many  conditions,  however,  operations  which  are  not  urgently  indi- 
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cated  would  best  be  postponed  until  every  resource  of  medical  treatment  has 
been  exhau8ted  to  bring  impaired  tiasues  or  organs  back  to  nonnal  or  as  near 
normal  as  may  be  possible  in  the  given  conditions.  Obesitj,  arteriosclerosis, 
and  high  blood  pressure,  cardiac  and  renal  disease,  intestinal  toxemia,  acidosis, 
tuberculosis,  sjphilis,  etc,  are  strong  contra-indications  to  ali  but  the  most  im- 
perative operations.  Much  may  be  accomplished,  however,  by  intelligent  medi- 
cal supervision  toward  rendering  a  bad  operative  risk  a  relatively  good  one. 
Carefully  regulated  massage,  bathing,  graduated  exercises,  dieting,  and,  above 
ali,  copious  water  drinking,  will  accomplish  wonder8  in  properly  selected  cases. 
Of  drugs,  the  tonics,  cathartics,  and  the  arterial  dilators  are  the  most  useful. 
Specific  treatment  for  such  diseases  as  syphilis  and  malaria  must  not  be  for- 
gotten,  nor  iron  for  anemia.  Ali  of  these  measures  not  only  render  the  opera- 
tion  safer,  but  make  the  convalescence  smoother  and  far  pleasanter  for  the 
patient. 

If  an  operation  must  be  done  in  a  region  or  in  tissues  partially  devitalized 
by  trauma  or  disease,  and  is  not  urgently  indicated,  it  is  the  part  of  wisdom  to 
wait  for  reaction  to  set  in,  if  such  may  reasonably  be  expected  to  occur.  Simi- 
larly,  if  the  skin  of  the  operative  field  is  abnormal,  particularly  if  eczema  or 
any  inflammatory  condition  is  present,  every  effort  must  be  made  to  cure  the 
disease  before  operation.  No  amount  of  preparation  can  po8sibly  obviate  the 
danger  of  an  established  infectious  process. 

The  preliminary  preparation  of  the  patient  consists  in  making  every  effort 
to  render  him  in  mind  and  body  as  nearly  normal  as  may  be  under  the  cireum- 
stances.  It  is  only  by  such  efforts  that  occasional  disasters  may  be  avoided  and 
the  final,  as  well  as  the  immediate,  operative  result  be  made  the  best  attainable. 

The  days  preceding  an  operation  should,  so  far  as  possible,  be  ones  of  rest, 
relaxation,  and  diversion,  and  the  latter  should  be  of  the  simplest  nature.  Ex- 
ercise  must  be  moderate,  and  nothing  should  be  allowed  to  fatigue  the  body  or 
mind.    Business  worries  and  household  cares  are  e8pecially  to  be  avoided. 

The  immediate  physical  preparation  of  the  patient  consists  in  the  čare  of 
the  alimentary  tract,  the  respiratory  tract,  the  genito-urinary  tract,  and  the 
skin.  Cleanliness,  simplicity,  and  safety  are  the  main  indications  to  be  met 
To  begin  with  the  alimentary  tract,  the  first  part  to  require  attention  is  the 
mouth,  including  those  ever-ready  sources  of  infection,  the  teeth,  the  tonsils, 
and  the  pharynx.  When  tirne  permits,  too  much  attention  cannot  be  given  to 
these  structures,  especially  if  the  operation  is  to  be  upon  any  part  of  the  ali- 
mentary  or  re8piratory  tracts.  Carious  teeth  should  be  filled  or  removed,  de- 
posits  of  tartar  cleaned  out,  and  any  pvorrhea  treated  as  eflFectually  as  possible. 

Next  in  importance  to  the  teeth,  the  toiisils  ought  to  be  examined,  the  crypts 
cleaned  of  any  plugs,  chronic  abscesses  opened,  and,  if  infection  stili  persists, 
the  tonsils  should  be  enucleated  as  a  preliminary  to  the  main  operation.  The 
pharynx  also  is  to  be  inspected  and  any  acute  or  chronic  aifection  must  receive 
appropriate  treatment,  consisting  of  mild  gargles,  douches,  or  applications  of 
astringents,  such  as  10  per  cent.  silver  nitrate  solution.    An  exoeIIent  wash  for 
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the  mouth  and  tliroat  is  the  peroxid  of  hjdrogen,  one-half  strength,  with  the 
addition  of  a  Httle  lime  water.  If  this  is  followed  by  a  one  per  cent.  watery 
solution  of  thymol,  or  a  saturated  solution  of  boric  acid,  surgical  cleanliness 
will  be  approximated  as  nearly  as  may  be. 

The  uose  and  its  accessory  sinuses,  the  nasopharynx,  the  larynx,  trachea, 
and  bronchi,  are  prolific  sources  of  postoperative  trouble,  e8pecially  when  in- 
halation  anesthesia  is  used.  The  thorough  use  of  an  oil  spray,  such  as  albolene, 
containing  1  per  cent.  thymol  or  menthol,  will  render  the  discharges  somewhat 
less  infectiouB.  Any  of  the  more  serious  lesions  should  be  put  in  charge  of 
a  specialist 

The  preparation  of  the  alimentary  tract  proper  is  comparatively  simple. 
The  diet  up  to  the  day  of  operation  should  be  light,  nutritious,  and  easily 
digested,  leaving  slight  residue.  If  the  operation  is  to  be  upon  the  stomach  or 
bowel  the  food  and  drink  may  well  be  sterilized,  with  the  addition  of  buttermilk 
or  some  one  of  the  lactic  acid  bacilli  preparations.  None  of  the  numerous 
intestinal  antiseptics  is  of  any  value,  imfortunately.  Aside  from  this  simple 
r^;ulation  of  the  diet,  the  only  precaution  necessary  is  against  intestinal  stasis. 
For  this  a  simple  laxatiye  is  ali  that  is  required,  or,  at  most,  a  mild  purge,  such 
as  an  ounce  of  castor  oil.  This  should  be  administered  on  the  night  preceding 
operation  and  in  the  moming  a  low  enema  of  a  quart  of  soapsuds  is  given,  fol- 
lowed,  if  needed,  by  an  irrigation  of  plain  warm  water.  The  latter  is  especially 
indicated  in  operations  on  the  rectum  and  vagina.  These  simple  measures  are 
enough.  The  days  of  prolonged  fasting,  violent  purging,  and  repeated  exhaust- 
ing  enemas  are,  happily,  over.  The  patient  should  have  at  least  two  hours'  rest 
before  the  anesthetic  is  administered.  In  emergency  cases  it  is  better  to  omit 
the  enema  than  to  bring  an  eihausted  patient  with  a  half  emptied  bowel  upon 
the  table.  The  procesa  is  onlj  too  snre  to  be  completed  on  the  table,  to  the  dis- 
comfiture  of  eYeryoncf  concemed. 

The  evening  meal  on  the  day  preceding  operation  should  consist  of  a  mod- 
erate  allowance  of  toast,  cocoa,  a  chop  or  poached  egg,  or  any  other  similar  food 
of  an  easily  digested  nature.  In  the  moming,  if  the  operation  is  to  be  during 
the  forenoon,  nothing  but  a  cup  of  coffee  without  milk  or  sugar  is  allowed.  For 
an  aftemoon  operation  coffee,  a  roll  or  toast,  and  a  soft-boiled  egg  may  be  given, 
but  no  food  is  to  be  taken  within  six  hours  of  operation.  The  drinking  of  water 
in  small  quantities  frequently  repeated  up  to  within  a  half  hour  of  the  admin- 
istration  of  the  anesthetic  is  an  excellent  thing.  It  allays  nervous  excitement, 
flushes  the  kidneys,  and  tends  to  prevent  operative  sliock. 

No  hypnotic  or  sedative  drugs,  such  as  chloral,  the  bromids  or  morphin, 
should  be  given  without  the  consent  or  expre9sed  wish  of  tho  anesthetist.  Cer- 
tain  conditions,  great  restlessness  and  nervous  excitability,  for  example,  require 
tbeir  exhibition,  but  in  general  thev  are  much  better  omittcd. 

The  preparation  of  the  genito-urinarv  tract  is  in  general  vcrv  simple.    The 

kidneys  should  be  flushed  by  copious  water  drinkinir  and  the  bladder  emptied 

just  before  operation.     Catheterization  is  needed  only  if  retention  exists.     If 
11 
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any  part  of  the  urinary  tract  is  infected,  or  if  the  operative  attack  is  to  be  upon 
or  near  it,  iirinary  antiseptics  should  be  administered.  The  best  are  salol  and 
urotropin,  either  of  which  may  be  given  in  0.3  gm.  (5  gr.)  doses  every  four 
hours,  or  in  miich  larger  doses  if  deemed  necessarj.  It  must  be  remembered, 
however,  that  urotropin  is  of  no  vahie  in  alkaline  urine.  In  addition  to  the 
above,  the  bladder  and  urethra,  and,  in  the  female,  the  vagina,  should  be  irri- 
gated  at  least  every  four  hours  with  warm  saline  or  saturatcd  boric  acid  solution. 

In  emergency  cases  if  f  ood  has  been  eaten  within  six  hours,  in  vomiting  oases 
especiallj  if  the  vomitns  be  of  a  fecal  nature,  and  in  eases  of  snspeoted  gastrie 
stasis  or  dilatation,  the  stomach  should  be  wa8hed  out  until  the  retnm  is  absolutelj 
clear.  The  omission  of  this  simple  precaution  has  cost  manj  lives.  Warm  water 
or  a  weak  solution  of  the  bicarbonate  of  soda  should  be  used. 

Preparation  of  the  skin  has  been  the  great  stumbling  block  df  surgical 
technic  ever  since  the  early  days  of  Listerism.  Practically  every  other  detail 
in  the  aseptic  technic  can  be  absolutely  relied  upon,  as  instrumenta,  gloves, 
sutures,  and  gauze  can  be  boiled  or  sterilized  by  live  steam  under  pressure,  but 
as  yet  no  way  has  been  found  to  render  the  skin  aseptic.  Beginning  with  phenol, 
there  has  been  a  constant  search  for  more  and  more  powerful  antiseptics  and 
germicides,  each  new  discovery  being  seized  upon  and  exploited  as  the  perfeet 
antiseptic,  only  to  be  discarded  in  a  few  years  at  the  most  as  too  irritating  to 
living  tissues  or  as  lacking  in  germicidal  properties.  The  latest  of  these  is 
iodin,  now  in  almost  universal  use,  and  considered  the  acme  of  perfection  of  the 
antiseptic  technic.  Only  a  few  of  the  more  conservative  surgeons  have  held 
aloof  or,  having  given  the  iodin  technic  a  more  or  less  extensive  trial,  have 
retumed  to  one  of  the  older  fonns  of  preparation.  Here  and  there,  also,  are 
met  signs  of  dissatisfaction  and  tlic  reaching  out  after  something  newer  and 
better. 

It  is  an  obvious  fact  that  skin  sterilization  must  depend  upon  two  factors, 
mechanical  cleansing  and  chemical  disinfection,  as  thermal  sterilization  is  out 
of  the  question.  Moreover,  the  amount  of  mechanical  cleansing  which  the  skin 
can  bear  without  injurv  is  decidedlv  limited.  This,  however,  is  no  excuse  for 
its  omission,  because  undoubtedly,  witliin  its  limitations,  it  is  of  great  value.  It 
is  one  of  the  great  faults  of  tlie  iodin  technic  that  this  important  factor  can- 
not  be  efficiently  used. 

Since,  then,  thermal  disinfection  of  the  skin  is  impossible  and  mechanical 
cleansing,  although  important  and  useful,  is  limited  in  its  applicability,  our 
main  resource  must  be  chemical  disinfection.  Unfortimately,  our  knowledge 
of  the  action  of  the  various  antiseptic  and  germicidal  drugs  on  living  tissues  is 
vcrv  limited.  The  inhibition  of  the  growth  of  the  ordinary  pathogenic  bacteria 
in  test  tube  media  is  a  verv  simple  thing,  as  the  innumerable  pre8ent-day  anti- 
septics prove.  The  killing  of  these  samo  bacteria,  howcver,  is  a  very  different 
matter  and  is  not  so  easy,  even  in  fluid  media.  Many  of  the  most  highlv 
vaunted  antiseptics  have  littlo  or  no  germicidal  power  and  a  number  of  patho- 
genic bacteria  are  highly  resistant  to  the  strongest  of  the  germicides.    It  is  self- 
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(vident,  tlien,  thnt  in  livmg  tissiies  whieh  aie  tlieiuselves  extreme]y  susceptible 
tlie  irritant  action  of  ail  tlie  eliemical  geniiicidea  and  whose  vital  resistaiice 
miiat  \x  pr(!8orved  at  aiiv  cost,  tlie  action  of  aiiy  aiitiaeptic  or  germicide  in  a 
coiicontration  conipatible  with  the  life  and  fiuit-tion  of  the  tissues  is  very 
problem  at  i  ca  1.  Uudoubtedlv,  tlie  pyogeiiic  organiains  on  the  aiirface  of  tlie 
■aii  be  killed  hy  the  luore  powerful  pemiicides,  such  as  iodin,  alcohol,  and 
tle  bichlorid  of  mercnrv,  whi]e  those  in  the  iipper  la.vera  of  the  epidermis  can 
le  leinporarilv  inhibited,  dnring  the  tirne  in  which  the  chemical  is  stili  present, 
but  tlie  deeper  la_vers  of  the  skin,  to  8ay  nothing  of  the  nnderlying  tissues,  are 
entirelv  imaffocted. 

vVn  aseptic  akin  is  »nattainable  bv  anv  nieans  at  preaent  knovvn,  and  what 
iflmoof  the  skin  is  even  more  tnuf  ot"  hiik-iiiir  m ptti hraneči  with  their  infectinn- 
krlioriiig  folda  und  rrvpts.  It  may  be  taken  for  granted  that  nll  wonndE  are 
lifuted  and  that  the  onlj'  reason  so-called  aseptic  wound  healing  occnrs  is  that 
tlie  tiuues  are  able  to  overcome  a  certain  amount  of  infection  and  that  heaUnf 
tikei  plače  in  spite  of  this  infection.  riiijnu.stiniiiiblv  the  greni  inajoritv  of 
*iirj;iail  w.niudH  %voiil.i  lical  ^illLout  ■'ross  itifwtLim  if  the  skin  rcffivcd  no 
prepiinilion  at  ali  cxc«pt  simple  uleanliness,  provided  the  tissiicB  were  reaaon- 
iHv  sound,  tliat  onlj  aseptic  materiala  were  introduced,  the  wnund  waa  dry 
ind  froe  froin  devitalized  tissue,  and  that  the  auturea  were  not  drawn  too 
tiglitiy.  The  skin  technie  ia  oulv  one,  and  not  the  most  iniportant  one,  of  the 
otnv  factors  entering  into  wound  hcaling.  This  alone  makea  the  relative  valuo 
w  the  varioua  akin  te<?hiiics  extremely  hard  to  judge.  The  beat  clinica  in 
ttis  coiintrv  report  from  1  to  5  per  cent.  of  infectiona  in  the  ao-called  clean 
l»Ke,  regardless  of  the  techni«  eraployed,  and,  althoiigh  moat  of  these  are 
™  minor  coueequence,  their  occurrence  ia  not  thorebv  jiistified. 

A  numbcr  of  more  cornraon  niethoda  of  prcparinij  the  akin  will  be  eaumer- 
lled  be|ow,  but  the  following  precaiition  apjilica  to  tliem  ali:  Do  not  plače 
"tiplicit  reliauce  on  any  akin  technie,  but  protect  the  uiiderlying  tiaauea  and 
"ViBoera  froni  any  contact  with  tlie  akin  or  anythiug  which  has  touched  it. 
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L^nless  special  contra-indicatioua  Bxist,  a  proloiiiied  warm  batb  shonM  be 
lilieii  tiio  evening  before  operation,  iiaing  plentv  of  soap  and  scmbbing  the 
fpCtttivB  field  witb  a  coarae  wash-cIoth  or  piece  of  gaii^e.  Lafher  and  ahave  if 
"ere^arv.  Tliia  latt^r  iiaimot  be  done  with  too  grcnt  eare.  as  eareleas  shaving, 
tbricjiiig  and  cntting  the  siirface  of  the  akin,  is  a  prniific  soiure  of  infection. 
n*  iolmmunit^v  of  the  average  imrae  or  orderly  in  thia  reapeet,  dne,  of  course, 
ignorance  or  carelcasnosa,  is  one  of  the  chief  minor  illa  of  the  patient'a 
ilivo  ordoal.  After  wipinp  the  field  dry  with  a  soft  raop  of  ganzo  any  one 
t  tbv  folloM-ing  niethoda  niay  be  emplovcd : 
Ihe  Iodin  Uethod. — Cleanse  the  skin  witli  ulcohol  (Itr.  jm.t  cent.)  aii.l  apply 
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a  drv  sterile  dressing.  Af ter  anesthesia  is  induced  remove  the  dressing,  dry  the 
field,  if  necessary,  with  95  per  cent.  alcohol,  and  applv  one  coat  of  tineture  of 
iodin  (U.  S.  P.).  Allow  to  dry  three  minutes  and  cover  aH  but  the  line  of 
incision  with  dry  sterile  sheets  or  towels.  After  the  incision  in  the  skin  is 
made  fasten  the  towels  to  its  edges  with  sutures  or  suitable  elips. 

PRECAUTIONS. — Use  only  freshlj  prepared  tineture  of  iodin.  The  alcohol 
evaporates  rapidly,  inereasing  the  irritating  properties  of  the  solution. 

Applj  only  one  smooth  coat,  without  pressure  or  friction. 

Avoid  excess  of  iodin.  It  may  collect  in  a  pool  or  run  into  a  crease  in  the 
skin  and  cause  a  bum. 

Avoid  soap  on  the  field.  It  will  prevent  the  eflBcient  penetration  of  the 
iodin. 

Do  not  use  wet  towel8  or  solution  of  bichlorid  of  mercury  on  the  skin.  They 
increase  the  irritant  effect  of  the  iodin. 

DANGERS. — Bums  or  dermatitis,  due  to  the  iodin,  may  result  from  idiosyn- 
crasy  or  from  careless  use  of  the  solution.  They  are  generally  of  no  serious 
importance,  but  are  very  annoying  and  at  times  quite  painful.  No  preventive 
treatment  seems  of  any  great  value,  although  it  is  claimed  by  some  that  by 
removing  the  excess  of  iodin  with  alcohol,  either  three  minutes  after  its  ap- 
plication  or  at  the  end  of  the  operation,  the  probability  of  bums  is  nearly 
obviated.  The  alcohol  must  be  carefullv  mopped  on,  as  brisk  rubbing  will  only 
increase  the  irritation.  The  treatment  of  an  established  iodin  dermatitis  is 
like  that  of  any  other  sirailar  lesion,  a  bland  sterile  dusting  powder,  such  as 
zine  oxid,  or  aristol,  usuallv  sufficing. 

One  other  danger  noted  by  some  surgeons  is  the  production  of  extensive 
peritoneal  adhesions  by  the  iodin  which  unavoidably  reaches  the  peritoneal 
cavity  to  a  greater  or  less  degree.  This  is  8trongly  denied  by  others,  who  even 
go  so  far  as  to  use  lodin  freelv  to  prevent  adhesions.  The  que8tion  is  stili 
undecided,  but  it  would  seem  wiser  to  avoid  imiiecessarv  contamination. 

DBAWBACKS. — Asidc  from  the  dangers  noted  above  and  from  its  probable 
inefficiency,  two  ni  i  nor  drawback8  may  be  noted,  that  it  cannot  be  used  in  cer- 
tain  situations  safelv  and  that  it  obscures  the  landmarks  of  the  skin.  As  to  the 
foimer,  certain  parts  of  the  anatomv,  such  as  the  eyes,  are  too  sensitive  for  the 
efficient  use  of  any  antiseptic,  and  on  others,  such  as  the  scrotimi  or  periueum, 
a  half  strength  solution  of  the  iodin,  using  alcohol  as  a  diluent,  may  be  used. 
As  to  the  second,  the  skin  markings,  if  thev  are  of  any  importance,  may  be 
preserved  by  tracing  them  on  the  day  preceding  operation  with  a  10  per  cent 
solution  of  silver  nitrate. 

Modificatians  of  the  Iodin  Technic. — There  are  raany  variations  from  the 
above  prcparation,  of  which  the  most  important  are  as  follows:  (1)  Omit  ali 
preliniinarv  treatment  of  the  skin,  drv  shave  on  the  table,  one  coat  of  full 
strength  iodin.  This  is  almost  universallv  used  as  an  emergency  preparation, 
is  sinij)Ie,  and  apparently  fairlv  safe.  \Vitli  manv  it  is  the  method  of  choice. 
(2  j  Drv  shave  and  one  coat  pf  iodin  on  the  day  preceding  operation  with  the 
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■waa\  technic  on  the  table.  (3)  As  in  (2),  ueing  one  half  strength  iodin. 
(4)  Like  the  preceding,  with  a  preliniinary  treatment  of  a  weak  aolution  of 
iodin  in  bciizin. 

The  Alcohol-Ether-Bichlorid  Teohnic. — After  the  preliminarv  washing 
itith  soap  aii<l  watt'r  aiid  the  shaving  the  field  is  eleansed  with  alcohol,  ether, 
lud  a  watery  soiution  of  hichlorid  of  merciirj,  1 :1,000.  A  aoap  poultice  is 
iben  applied  for  a  half  hoiir  or  more,  the  field  agaiu  cloaned  with  alcohul  and 
(ther.  and  a  moist  dressin^  appHed  of  1:10,000  hidilorid.  On  the  tahle  tlio 
Jresaing  is  romoved  and  the  field  again  vigoroiislv  acruhbed  with  soap  and 
tKter  followed  bv  alcohol,  ether,  and  ono  in  one  thousand  bichinrid. 

PHECAUTIONS. — Uae  only  potton,  soft  gauze,  or  a  verv  soft  brush,  as  the 
slin  ia  verv  easll.v  irritated  hv  too  miich  senibbing.  The  soap  inust  l>e  verv 
blund.  A  soiution  of  častile  soap  ia  better  than  the  tincture  of  areon  soap.  The 
srtion  of  tlie  soap  poultice  on  the  skin  ninst  be  watched,  aa  it  ma_v  be  very  irri- 
tating.  The  hichlorid  soiution  must  not  be  too  strong,  for  it  maj  set  up  a 
•evcre  ilerinutitia. 

DASGEKS.— The  only  danger  ia  that  of  causing  a  dermatitis  hy  too  vigorous 
ttrubbing  or  too  strong  bichiorid. 

UODIFICATIONS.^ — Tbere  are  manv  variations  of  this  technic.  consisting 
of  chunges  in  the  strength  of  the  bichiorid  soiution,  the  number  of  times  ihe 
iin«8ing8  are  ehanged,  and  tbe  scrubbing  performed.  A  strong  alcoholic  soiu- 
tion of  bichiorid  may  be  used  in  the  final  preparation,  if  tbe  skin  is  not  too 
iroiated. 

DBAWBACKS. — Thia  niethod  is  probably  as  efficient  aa  the  iodin  preparation, 
but  'n  far  more  tedious  and  esbausting  to  both  the  patient  and  the  nurse.  It  is 
'luppj',  n II conifor table,  and  irritating. 

The  Lime  and  Soda  Technic— This  ia  nsed  for  tbe  most  part  as  a  step  in 
tbe  preceding  and  consiats  of  the  application  of  a  freshly  prepared  and  moiat- 
6ieil  mijtturc  of  cblorinated  lime  and  sodiuin  earhonate.  The  naacent  chlorin 
foniied  is  a  very  p<iwerful  germicide,  while  the  alkali  uf  the  inisture  dissolves 
tbe  »iiperficial  epithelium  and  allow9  a  deeper  pcnetration  of  the  antiseptic, 
Tbe  raain  drawback  to  ita  use  ia  its  irritant  action  on  the  skin.  It  is  a  very 
"»(nI  adjuvant  to  other  forras  of  preparation,  e8pecialiy  on  thick,  tougb,  or 
"CTvdirtv  skiua. 

The  Benzin  Teohnic— Ueuzin,  gasoHue,  and  napbtba,  attbougb  ratber 
*Wil!  in  geniiii'idai  pi)wer,  are  excellent  cleansers  of  tbe  skin  and  have  been 
«li'nsivuly  uaod  for  the  entire  preparation  of  tbe  skin.  Tbe  metbod  is  very 
"lople,  iKvnaisting  of  a  single  application  on  the  day  preceding  operation,  dry 
flitMing,  and  another  application  on  tbe  table.  Tbe  results  in  a  fairiy  large 
'Butnber  of  cases  ob8er\'ed  by  tbe  writcr  wcre  excellent.  Čare  must  be  taken 
Aat  the  agent  does  not  collect  in  pools  or  run  into  creases  in  the  skin,  and  that 
Ifl  lalter  ia  perfectly  dry  before  it  ia  covored,  or  severe  bnrns  will  enaue. 

Many  other  chemicals,  notablv  carbon  tetrachlorid,  thymol.  and  picric  acid, 
\ve  been  euthu3iaaticttlly  advocated  for  the  preparation  of  the  skin,  but  are  aa 
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yet  in  the  experimerital  stage.  Carbon  tetrachlorid  has  one  decided  advantage 
over  benzin  in  that  it  is  not  inflammable.  Tnhalation  of  its  fumes  is  very 
dangerous.  Thvinol,  5  per  cent.  in  80  per  cent.  alcohol,  is  a  powerful  anti- 
septic  and  gemiicide,  not  very  irritating,  and  is  a  splendid  deodorant.  It  does 
not  obliterate  the  natural  or  artificial  markings  of  the  skin.  Picric  acid  in  1 
per  cent.  watery  or  alcoholic  solution  has  aboiit  the  same  advantages,  and  the 
added  one  that  it  ean  be  applied  to  irritated  and  inflamed  snrfaces,  on  which 
it  has  a  decidedly  soothing  and  anesthetic  action.  As  applied  by  the  writer  in 
quite  a  large  nuniber  of  minor  surgical  cases  it  has  proved  exceedingly  useful 
and  reliable. 

Alcohol,  which  forms  the  menstruiim  of  nnany  of  the  best  germicides,  is 
itself  a  powerful  antiseptic  and  gemiicide  and  it  is  an  open  question  whether 
or  not  alcohol  is  not  the  principal  ingredient  in  some  of  them.  A  few  operators 
have  relied  upon  it  alone,  using  from  50  to  95  per  cent.  sohitions.  The  ques- 
tion  of  germicidal  power  in  the  various  strengths  is  not  yet  settled. 

Many  attempts  have  been  made  to  apply  an  impervions  aseptic  or  antiseptic 
coating  to  the  operative  field,  throngh  which  the  incision  is  to  be  made.  No 
great  success  has  as  vet  been  attained,  bnt  it  may  well  be  that  the  next  step  in 
advance  will  be  in  this  <lirection.  (^ertainly  if  a  sheet  of  rubber  dam  or  other 
similar  substance  could  be  firmly  and  evcnly  cemented  to  the  skin  and  the  in- 
cision made  throngh  it,  contamination  of  the  vvonnd  by  the  skin  would  be 
nearly  impossible.  We  now  use  sheets  of  gutta-percha  to  protect  clean  wounds 
from  infected  areas,  cementing  them  to  the  skin  with  chloroform,  but  we  cannot 
be  sure  of  the  sterility  of  the  tissue  itself. 

Certain  regions  require  special  methods  of  preparation.  Thus  in  the  eye 
only  saline,  boric  acid  solution  (waterv),  or  argvrol  is  permissible.  In  the 
extemal  ear  alcohol  or  an  alcoholic  solution  of  boric  acid  may  be  used.  In  the 
mouth  and  noše  solutions  of  menthol  or  thymol  in  water  or  liquid  vaselin,  of 
about  1  per  cent.  strength  may  be  of  some  value.  The  rectum  will  tolerate  only 
saline  irrigations,  while  in  the  bladder,  saline,  boric  acid,  or  weak  permanganate 
solutions  may  be  used.  lodin  can  be  safelv  used  in  the  vagina  if  it  is  wiped  dry 
aftenvard,  but  it  is  very  questionable  if  irrigations  of  weak  bichlorid  or  iodin 
solutions  are  not  more  efficacious. 

In  conclusion,  one  other  most  important  subject  remains  to  be  touched  upon, 
namely,  the  attempt  to  incrcase  the  resistance  of  the  tissues  to  infection.  If 
by  serum,  by  vaccine,  or  by  drugs  we  could  confer  even  a  fleeting  immunity  to 
infection  by  the  various  pathogenic  organisms,  ali  our  elaborate  technic  of 
preparation,  not  only  of  the  patient,  but  of  the  surgeon's  hands,  dressings,  and 
instruments  could  be  entirely  discarded.  In  this  direction  lies  the  real  path  of 
progress,  not  in  attempting  the  impossible  task  of  destroying  the  innumerable 
infective  organisms  themselves.  The  three  great  sources  of  danger  from  opera- 
tions  are  hemorrhage,  shock,  and  infection.  Of  these  hemorrhage  is  practicallv 
overcome  by  modern  operative  technic,  shock  bids  fair  soon  to  become  so,  and 
infection  remains,  conquered  only  in  part  by  diligent  efforts  at  asepsis. 


CHAPTER   V 

RELATIONS   OF   MEDICAL  DISEASE   TO   SURGERY 

Al£Xand£b  Bsyan  Johnson  and  James  H.  E[enyon 

PART    I 
Alexandee  Beyan  Johnson 

Commonlj,  surgical  operations  are  groiiped  under  two  heads :  operations  of 
necessitj  and  operations  of  choice,  expediency,  or  election.  There  can  be  no 
two  (lecisions  in  regard  to  the  wi8dom  of  opening  an  acute  abscess  whenever 
practicable  and  as  soon  as  may  be ;  nor  of  evacuating  a  fiill  bladder,  somehow ; 
wherea8  a  man  with  Dupuytren's  eontraction  of  the  palmar  fascia  may  well 
think  twiee  or  even  several  times  before  submitting  himself  4>o  a  surgical 
operation. 

Our  task  in  this  ehapter  will,  however,  be  to  trv  to  help  those  who  are  per- 
luipfi  less  experienced  than  ourselves,  and  to  jog  the  memorj  of  others  who 
desire  this  sort  of  aid  in  deciding  in  a  given  čase  and  under  a  varietv  of  local 
»nd  general  pathological  conditions  whether  to  operate  or  not,  and  also  to  teli 
m  what  way  the  preparation  and  after-care  of  an  operative  čase  may  be  modified 
to  advantage  in  the  presence  of  acute  and  chronic  diseases  and  other  local  and 
pneral  changes  that  give  the  surgeon  pause.  The  task  is  no  light  one,  and  per- 
^^ps  the  title  of  the  ehapter  might  better  have  been  "Surgical  Judgment  Made 
Easjr  or  Everyman  a  Good  Surgeon." 


ANEMIA 

A  profound  degree  of  aneinia  froin  any  cause  adds  a  serious  risk  to  any 

wn8iderable  surgical  operation.     In  siniple  aiieinias,  sueh  as  wc  sce  from  acute 

hemorrhage  or  from  repeated  sniall  bleedings — uterine  bleediiigs,  for  cxample 

~-the  more  acute  the  condition  the  uiore  serious  the  effcct  upon  the  progiiosis 

of  a  surgical  procedure.    In  the  most  acute  cases  where  sh(wk  and  hemorrhage 

ire  combined  the  shock  element  is  an  absolute  contra-indication  to  any  serious 

operation. 

Shock. — Active  extemal  bleeding  may  and  should  be  controlled  at  once. 
ITiis  can  usually  be  done  in  a  few  moments  without  anesthesia.     But  any 
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forraal  operation,  such  as  amputation  or  an  abdominal  operation,  should  be 
postponed  until  the  shock  has  passed.  Every  young  surgeon  left  to  his  own  de- 
vices  learns  this  from  sad  experience.  Until  this  lesson  has  been  brought  home 
to  him  more  than  once  he  fails  to  realize  that  a  muscular  man  o£  30  whose 
shoulder  has  been  amputated  by  the  wheel8  of  a  locomotive,  who  has  lost  but 
little  blood,  who8e  pulse  is  slow,  though  not  full,  who  says  cheerfully  that  he 
has  no  pain  and  *'is  quite  comfortable,"  and  who  is  pale  and  bathed  in  a  clammy 
sweat,  is  the  wor8t  possible  surgical  risk.  Some  24  or  48'  hours  later  he  may 
be  able  to  endure  a  formal  amputation  or  disarticulation  at  the  shoulder  joint 
with  but  little  risk.  Now,  while  in  shock,  the  same  operation  is  murder  pure 
and  simple. 

Chronic  Simple  Anemia. — Chronic  simple  anemia  uncomplicated  is,  on  the 
other  hand,  by  no  means  so  serious  an  added  risk.  The  conunon  rule  has  been 
that  less  than  30  per  cent.  hemoglobin  contra-indicated  a  serious  operation. 

One  of  the  most  common  types  of  this  sort  is  seen  in  women  reduced  to 
severe  anemia  by  uterine  bleeding  from  causes  other  than  cancer.  In  these 
cases  it  is  astonishing  that  hysterectomy  may  be  done  suecessfully  with  a  per- 
centage  of  hemoglobin  of  20  per  cent.,  and  even,  as  in  one  čase  that  came  under 
my  observation,  of  12  per  cent.  To  be  sure,  the  reparative  power  of  the  tissues 
is  much  reduced,  and  in  these  cases  the  operative  wound  takes  much  longer  to 
form  a  sol  i  d  «car.  There  is,  I  think,  also  more  danger  of  infection,  sligfat  or 
severe,  than  in  persons  in  ordinary  health. 

When  similar  grades  of  anemia  are  caused  by  or  accompanied  with  a  can- 
cerous  cachexia  or  a  septicopyemia  death  follows  any  serious  operation  with 
great  regularity. 

In  some  anemic  cases,  more  especially  when  uncomplicated,  transfusion 
from  a  suitable  donor  may  be  a  very  valuable  preparatory  measure  indeed. 

In  some  cases  of  chronic  sepsis  combined  with  anemia  repeated  transfusions 
have  rendered  successful  operations  possible. 


TTPHOID   FEVEB 

Typhoid  fever  during  the  active  course  of  the  disease  is  a  contra-indication 
to  surgical  operations,  except  those  of  neces8ity. 

The  complications  often  call  for  surgical  interference,  either  immediate, 
as  in  cases  of  perforation  and  of  acute  suppurative  processes,  wherever  situated, 
or,  later,  after  the  fever  has  run  its  course  and  the  patient  is  suffering  from  one 
or  more  of  the  numerous  sequelae,  such  as  a  typhoid  joint,  osteomvelitis,  chole- 
cystitis,  abscess  in  the  skin  and  deepcr  soft  parts,  middle  ear  disease,  or  some 
other  of  the  lesions  left  after  the  intestinal  ulcers  have  healed. 

It  mav  be  uiuierstood  that,  since  in  a  large  proportion  of  cases,  85  to  90  per 
cent.,  the  tvphoid  bacillus  is  circulating  in  the  blood  and  often  causes  purulent 
inflammations  wherever  it  may  lodge,  the  list  of  surgical  complications  of 
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the   ciisease  is  a  long  one.    The  more  common  ones  are  here  enumerated ;  their 
treatanent  will  be  found  in  other  sections  of  this  work  under  appropriate  head- 

1.  Perforation  of  the  bowel. 

2.  Hemorrhage  f  rom  the  boweL 

3.  Typhoid  appendicitis. 

4.  Tjphoid  infection  of  the  biliarj  passages  and  of  the  liver. 
6.  Typhoid  cholecjstitis  with  perforation. 

6.  Typhoid  rupture  of  the  spleen  and  tvphoid  abscess  of  the  spleen. 

7.  Stricture  of  the  esophagus  following  typhoid. 

8.  Typhoid  inflammation  of  the  bones  and  periosteum. 

9.  Typhoid  arthritis. 

10.  Typhoid  spine. 

11.  Tjphoid  larynx. 

12.  Bed  sores. 

13.  Tjphoid  gangrene  of  the  extremities. 

14.  Typhoid  abscesses,  subcutaneous  or  in  special  organs  other  than  tho^e 
Dientioned. 

15.  Typhoid  inflammation  of  any  mucous  membrane. 

Diiring  the  early  days  of  the  disease  it  has  happened  that  a  diagnosis  of 
appendicitis  has  been  made,  and  the  appendix  removed.  As  a  rule,  these 
patients  have  done  well,  the  operative  wound  has  healed,  and  the  disease  has 
'^n  its  course  without  apparent  modification. 

Perforation. — ^In  regard  to  operation  for  typhoid  perforation.  Success  de- 
P^nds  upon:  (1)  Early  diagnosis;  (2)  early  operation;  (3)  rapid  operation; 
("*)  simple  procednres;  (5)  the  general  condition  of  the  patient  as  affected  by 
tne  typhoid,  and  by  the  added  effects  of  the  septic  peritoneal  absorption. 
•'  ithin  the  past  few  years  the  results  have  been  much  improved.  Thus,  in  the 
^*ontreal  General  Hospital  during  the  year  1909  and  up  to  May,  1910,  Arm- 
^^ong  reported  22  typhoid  perforations,  19  of  which  were  operated  upon  and 
^  of  whom,  or  47  per  cent.,  recovered. 

Other  Acnte  Abdominal  Conditions. — Other  acute  abdominal  conditions  may 
8iniulate  perforation  during  typhoid;  among  them  may  be  mentioned  acute 
appendicitis,  typhoid  perforation  of  the  appendix,  intussusception,  mesenteric 
^^ombosis,  volvulus,  acute  obstruction  by  bands,  and  strangulation  or  perfora- 
tion of  MeckeFs  diverticulum,  also  spontaneous  rupture  of  the  spleen  and 
^Pture  of  the  gall  bladder.    Ali  these  conditions  are  indications  for  immediate 
^P^itition  since  in  ali  delay  is  fatal. 

Intestinal  hemorrhage  may  be  an  indication  for  operation  in  exceptional 
*^*^«e8.    Transfusion  of  blood  may  be  indicated. 

Typhoid  Gangrene. — Typhoid  gangrene  of  an  extremity  is  not  a  very  fre- 
S^ent  complication.  The  mortality  is  high,  araputation  of  the  lower  extreraity 
k*ving  been  fatal  in  nearly  half  of  the  cases.  An  effort  on  the  part  of  the 
tUBues  to  form  a  line  of  demarcation  should  be  cncouraged  in  every  way — ^by 
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dry  heat,  dry  antiscptic  dressings,  elevation  of  the  limb,  etc. — ^in  the  hope  of 
improving  the  general  vitality  beforc  amputation  is  done. 


TTPHUS   FEVEB 

The  depression  of  vitality  in  this  disease  is  extreme.  Operation  for  its 
surgical  complications  are,  therefore,  attended  by  a  high  mortality.  Thcse  are 
by  no  means  so  frequent  and  varied  as  in  typhoid.  The  most  common  aro 
gangrene,  usually  of  a  lower  extremity ;  ulceration  of  the  fauces  with  possible 
edema  and  mechanical  dvspnea ;  and  empyema. 

Gangrene,  when  it  occnrs,  is  diie  to  the  lowered  vitality  of  the  tissues,  fol- 
lowed  by  arterial  or  venoiis  thrombosis,  or  both,  less  often  by  embolism.  Pre- 
exi8tent  diabetes  or  arteriosclerosis  or  both  are  believed  to  be  predisposing 
causes.  The  popliteal  is  the  artery  most  often  involvcd,  next  the  femoral,  the 
aorta,  and  the  iliacs.  In  the  lower  extremities  a  line  of  demarcation  may  form, 
or  none.  In  the  latter  group  amputation  miist  be  done  early  and  well  above 
the  advancing  area  of  necrosis  to  be  eflfective.  The  mortality  is  very  high, 
probably  nearly  75  per  cent.  Edema  of  the  larynx  demands  tracheotomy  and 
empyema  drainage  of  the  pleura. 


SMALL-POX 

The  relations  of  small-pox  to  surgery  consist  mercly  in  the  treatment  of  the 
siippiirative  complications  aiid  of  the  scqiiel£e  of  the  disease. 

The  most  frequent  are  fiiriincles,  deeper  abscesses,  erysipela8,  and  ulcera- 
tion of  the  larvnx  and  fauces ;  less  f requent  are  bed  sores,  progressive  and  fatal 
gangrene  of  the  skin  and  subcutaneous  tissues,  noma,  and  suppurative  or  gan- 
grenons  parotitis.  Empvema  is  not  common.  Oicatricial  deformities  of  the 
eyelid8  may  re(]iiire  plastic^  operations.  In  certain  epidemics  diphtheria  is  a 
complication.  Thcse  severa  1  conditions  demand  appropriate  treatment  de- 
scribed  el8ewhere  in  this  work. 

CHICKENPOK 

(  V  ari  celi  a) 

Surgical  complications  are  rare  in  this  disease.  As  in  ali  conditions  fur- 
nishing  open  atria  for  infection  through  the  skin,  local  and  general  septic 
processes  are  possible,  and  may  be  severe  or  fatal.  Thns,  in  rare  instances, 
streptococcus  septicemia,  ervsipelas,  localized  gangrene  of  the  skin,  and  joint 
lesions  have  been  noted.  Death  resulted  in  a  few  instances.  The  treatment  is 
that  of  similar  lesions  whatever  their  origin. 
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SCABLET   FEVEB 

(Scarlatina) 

Surgical  compHcations  during  or  after  an  attaek  of  scarlet  fever  are  by  no 
me^iiis  rare.  They  demand  watchfiilness  on  the  part  of  the  medieal  attendant 
lest:  thev  escape  notiee  iiiitil  far  advanced,  and  wheii  rcH^ogiiized  may  require 
immediate  snrgical  treatnient.  Some  of  theni  are  of  grave  iinport  and  some 
oiily  annoying. 

The  disease  itself  is  a  septicemia  of  a  specific  sort,  and  seems  to  invite  a 
seeondarj  invasion,  local  or  general,  of  the  common  pvogenic  raicrobes.  In- 
deed,  streptococcus  septicemia  eomplicating  the  disease  is  the  canse  of  death  in 
not  a  few  eases. 

Scarlet  fever  as  a  complication  after  surgical  operations,  other  wonnds, 
biirns,  and  dnring  the  puerperiiim  is  of  occasional  occurrence  and  may  render 
tlie  prognosis  grave.  The  infectioii  mav  precede  or  follow  the  traunia.  In  the 
latter  groiip  both  the  lowered  vitalitv  and  tlu?  raw  surfaces  niay  favor  infec- 
tion.  These  conditions  were  formerly  spokou  of  as  '^surgical  scarlet  fever."  In 
^arlicr  davs  septic  rashes,  after  surgical  operations,  \vere  more  common  than  at 
the  present,  and  were  doubtless  mistaken  for  scarlet  fever  in  some  cases.  At 
pi^esent  the  above  term  is  rarelv  used. 

The  list  of  pyogenic  processes  eomplicating  or  f ollowing  scarlet  fever  is  long. 
^he  Biost  freqnent  is  otitis  media.  Deafness  and  chronic  middle  ear  disease  only 
too  of ten  mark  the  individnal  for  lif e.  In  the  statistics  of  varions  observers  inf ec- 
tion  of  the  middle  ear  occnrs  in  from  10  to  50  per  cent.  of  the  cases.  It  is  usuallj 
bilateral  with  a  purulent  or  mucopurulent  exudate.  Afastoiditis  is  not  very 
^^innion.  The  antnim  of  Ilighmore  and  the  sphenoidal  sinuses  are  rarely 
itivolved. 

Otitis  Media. — Otitis  media  may  occur  as  early  as  the  tliird  day  of  the  dis- 
^^^,  or  at  any  tirne  nntil  complete  convalescence.  It  occurs  more  often  and  is 
^^  a  more  severe  type  when  the  throat  svmptoms  are  marked.  When  it  occurs 
^riv  it  is  more  apt  to  be  masked  by  other  svmptoms  and  to  pass  unrecog- 
^ized  nntil  the  ear  drum  bursts  and  a  discharge  appears  at  the  meatus; 
^hen  it  occurs  later  severe  pain  in  the  ear  and  a  rise  of  temperature  are 
present. 

£arly  incision  of  the  drum  head  is  indicated  in  aH  cases,  followed  by  f reqnent 

inigations  with  warm  boric  acid  solntion,   in  order  to  wash  out  the  stickv  dis- 

cbBrge  and  keep  the  drainage  free.     Cessation  of  this  discharge,  with  rcturn 

of  pain  and  fever,  demands  examination  of  the  ear  and  reopening  the  drum  if 

the  former  incision  is  closed.     Mastoiditis  demands  opcration. 

AlTeetions  of  the  Lymph  Nodes. — The  Ivmph  nodes  of  the  lu^ck  are  regularly 
enlarged  in  scarlet  fever,  the  increasc  in  size  mav  be  slight  or  nuirked,  in  the 
latter  group  the  8wollen  glands  may  graduallv  subside  or  suppurate. 
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SupjAiration  may  occur  early  or  be  delayed  for  wceks.  It  is  indicated  by 
the  usual  signs :  Pain,  tendemess,  f ever,  and  leukocyto8i8.  Suitable  and  liberal 
incisions  for  drainage  are  indicated. 

Faronycliia. — Pyogenic  infection  at  the  root  of  the  nails  is  frequent  during 
desquamation.  Scratching  and  picking  with  infected  finger  nails  is  the  cause. 
In  some  cases  small  incisions  and  suitable  dressings  mav  be  required.  Painting 
the  finger  tips  with  iodin  may  prevent  infection  of  the  other  fingers. 

Albiuninnria  and  Nephritis. — Albuminuria  is  almost  regiilarly  present  dur- 
ing scarlet  fever.  It  is  not  nece8sarily  accompanied  by  marked  organic  changes 
in  the  kidney  and  usually  ceases  during  convalescence.  Nephritis  is  not  a  rare 
complication  and  may  terminate  fatally  from  uremia.  Chronic  nephritis  fol- 
lowing  scarlet  fever  occurs  once  in  250  cases. 

In  selecting  the  anesthetic  to  be  given  to  an  individual  who  has  re- 
cently  had  scarlet  fever,  examine  the  urine,  If  nephritis  is  present  local 
anesthesia  or  gas  and  oxygen  in  suitable  cases  may  be  safer  than  ether  or 
chloroform. 

Arthritis. — Arthritis  is  a  complication  of  scarlet  fever:  the  joints  rarely 
suppurate,  but  if  they  do  they  must  be  drained.  The  streptococcus  is  the  most 
frequent  organism  foimd  in  the  pus. 

ACUTE   POLTARTICULAR  ARTHRITIS   (ACUTE   ARTICULAR   RHEUMATI8M). 

— Acute  polyarticular  arthritis  mav  occur  and  demands  suitable  treatment: 
rest,  local  applications  of  methylsalicylate,  and  intemal  medications. 

Feritonitis. — In  bad  cases  of  scarlet  fever  diffuse  peritonitis  may  occur, 
apparently  without  discoverable  localized  origin.  The  patients  are  septic  and 
the  Outlook  is  grave. 

MEASLES 

Much  the  most  common  medical  complication  of  measles  is  bronchopneu- 
monia.  Lobar  pneumonia  mav  occur  and  be  followed  by  empyema  demanding 
operation.  Among  the  other  pyogenic  complications  are  boils  and  noma. 
Osteomyelitis  and  arthritis  are  rare,  as  is  also  otitis  media. 


DIPHTHEBIA 

Laryngeal  diphtheria  demands  intubation  or,  if  this  cannot  be.  done, 
tracheotomy.  The  general  use  of  antitoxin  has  diminished  the  frequency  and 
8everity  of  this  complication. 

Otitis  occurs  in  about  4  per  cent.  of  the  cases  and  demands  incision  of  the 
drum  head.  Cervical  adenitis  is  a  regular  concomitant  of  diphtheria,  the 
swelling  may  be  moderate  or  excessive,  and  may  end  in  resolution  or  in  sup- 
puration.     Incision  for  drainage  is  indicated  in  the  latter  group. 
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WHOOPiNaoonoH 

The  presence  of  a  spasmodic  cough  from  anv  soiirce  is  a  contra-indication 
to  operations  of  expediency,  notablj  on  the  abdomen — for  example,  hemia — 
since,  during  violent  coughing,  the  suture  line  mav  be  weakened  or  even  broken 
open. 

If  an  abdominal  operation  beeomes  necessarjf  especial  čare  should  be  nsed 
in  suturing  the  aponeurotic  stmctures  of  the  abdominal  wall.  A  continuou? 
suture  of  chromic  gut  may  be  reinforced  by  a  series  of  intermpted  stitches  of 
the  same  material.  It  is  never  wi8e  to  nse  buried  sntnres  of  non-absorbable  ma- 
terial nnder  these  conditionB.  In  addition,  the  wound  edges  and  the  entire 
belly  wall  should  be  supported  by  carefully  placed  masses  of  gauze  so  applied 
that  the  zine  oxid  plaster  strips  placed  over  ali  shall  really  support  and  keep 
quiet  the  abdominal  muscles. 

HUHPS 

The  surgical  complications  of  mumps  are  chiefly  two:  otitis  media  and 
edema  of  the  glottis.  The  complication  orchitis  does  not  proceed  to  suppura- 
tion,  though  it  may  lead  to  atrophy  of  the  testis.  Otitis  is  treated  by  early 
incision  of  the  drum  head.  Edema  of  the  glottis  by  inhalation  of  medicated 
steam  from  a  croup  kettle.  For  this  purpose  compound  tincture  of  benzoin,  one 
dram  to  a  pint  of  water,  ariswers  well.  Preparations  for  instant  tracheotomy 
should  be  made  and  a  cannula  placed  in  the  wind  pipe  when  asphyxia  threatens. 


JNFLUENZA 

In  epidemics  of  influenza  accompanied  by  pneumonia  as  a  frequent  compli- 
cation, abscess  and  gangrene  of  the  lung  as  well  as  empyema  are  observed. 
They  demand  operative  treatment  when  the  local  and  general  conditions  permit. 
(See  Vol.  11.) 


BPIDEmC   CEREBBOSPINAL  MENINOITIS 

The  surgical  complications  of  this  disease  are  otitis  media,  very  common, 
and  purulent  arthritis,  very  rare.  Panophthalniitis  has  becn  observed.  The 
otitis  may  readily  be  overlooked;  so  common  has  been  this  complication  in  cer- 
tain  epidemics  that  puncture  of  the  drum  head  has  been  rccommended  as  a 
routine  measure. 

Lnmbar  Pnnctnre. — Liimbar  puncture  has  been  used  both  as  a  diap^iiostic 
and  therapeutic  measure.    As  a  means  of  treatment  it  has  not  given  encourag- 
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ing  results.  It  inay,  hovvcver,  be  tried,  30  c.  c.  to  50  c.  c.  of  cerebrospinal  flu^S.<3l 
being  withdrawn  in  the  usiial  manner.  It  can  scarcely  be  considercd  an  efficiei^ris.t 
method  of  drainage  in  these  cases. 


EBYSIPELAS 

Erjsipelas  is  cansed  by  a  particiilar]y  active  form  of  the  streptococc 
pyogenes. 

During  rečen  t  year8  the  niiraber  of  cases  seen  in  our  surgical  wards,  o 
more  properlv,  developing  in  patients  who  are  recovering  from  operations  i 
siich  wards,  has  greatly  diminished.     This  is  partly  owing  to  better  woun 
treatment  and  partlv  bccausc,  whcn  a  čase  of  erysipelas  comes  to,  or  develo 
in,  the  ward  of  a  general  hospital,  it  ia  either  isolated  or  trausferred  to  a  speci 
hospital  at  once.     No  ordinarv  isolation  will  suffice.     The  patient  should 
placcd  in  another  bnilding  or  in  some  8pecially  arranged  part  of  a  biiildin 
with  a  separatc  entrance.     Medical  attendants,  nuraes,  and  orderlies  should 
detailed  for  the  čare  of  the  čase  and  sliould  not  come  in  contact  with  other  c 
During  ali  handling  of  the  patient  special  clothing  and  mbber  gloves  should 
worn. 

The  patient  himself  should  be  bathed  frequently,  and  should  have  frequen 
changes  of  bodv  and  bed  clothing.    The  baths  may  well  be  of  3  per  cent.  bori 
acid  solution  after  the  use  of  soap  and  water.     TJpon  rccovcry  he  shonld  reoei 
several  thorongh  baths.     The  hands  and  hair  should  be  thoroughly  disinfected 
Ali  foniitea  should  be  disinfected  either  by  steam  or  formalin  solution,  and  the 
apartment  disinfected  with  formaldehvd  gas. 

Not  only  are  persons  with  wonnds  likely  to  contract  er3rsipela8,  bnt  also  per^ 
sons  with  medical  diseases  or  healthy  persons  who  inay  have  some  slight  abrasion 
of  the  face  or  a  fissure  within  the  nostrils.  In  cases  of  facial  erysipela8  this  last 
is  u  verv  conimon  portal  of  entry,  the  contagion  being  conveyed  by  the  fingers. 

The  surgical  coniplications  of  ervsipelas  are  ninnerous:  Abscesses, 
gangrene  of  the  skin,  Ivmphadenitis,  phlebitis,  pneumonia,  empyema, 
septicemia,  pvemia,  otitis,  edema  of  the  glottis,  arthritis,  and  delirium 
tremens. 

James  M.  Anders,  in  Osler's  ^*Modern  Medicine"  (Vol.  II,  Chap.  XX), 
gives  analvsea  of  1,(>74  casos  with  eapecial  reference  to  complications,  with 
results  as  followa:  Abscesses,  105;  arthritis,  20;  delirium  tremens,  10;  lobar 
pneumonia,  active  delirium,  ]>hlel)itis,  pleurisv,  each  7;  acute  nephritis,  6; 
svnovitis  and  diarrhea,  each  .") ;  tonsillitis,  l\ ;  catarrhal  pneumonia,  otitis  media, 
edema  of  the  larvnx,  acute  bronchitis,  each  2.  The  most  fatal  complications  are 
lobar  pneumonia  and  delirium  tremens. 

Abscesses. — The  most  frequent  site  of  abscess  is  the  face  (eyelids)  and 
scalp.  Thev  give  the  usual  signs  of  subcutaneous  abscess  and  should  be  opened 
earlv.    Thev  mav  be  single  or  multiple,  and  are  usually  of  moderate  size,  but  in 
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bad  cases  thej  inay  attain  large  proportions  and  be  followed  by  extensive 
sloughing  of  the  skin  and  subcutaneous  tissues. 

When  on  duty  in  the  ervsipelas  pavilion  of  Bellevue  Hospital  many  year8 
ago  I  8aw  a  number  of  cases  in  which  these  abscesses  were  very  large,  took 
long  to  heal,  in  spite  of  f ree  incisions,  and  left  iigly  scars.  The  most  extensive 
were  in  the  ncck  and  scalp. 

Several  epidemics  of  erysipela8  occiirred  in  the  surgical  wards  during  the 

tirne  I  was  surgical  interne  at  Bellevue,  and  I  saw  others  later  in  Koosevelt 

Hospital.     The  speed  of  transmission  from  patient  to  patient  was  striking. 

Thus,  in  a  male  surgical  ward  of  18  beds,  a  man  was  adraitted  with  a.  severe 

scald  of  the  genitals  and  abdominal  wall  produced  by  a  bursting  steam  pipe. 

Within  a  day  after  admission  the  characteristic  intcnselv  red  blush  of  the  skin 

had  appeared  at  the  margin  of  the  scald  of  the  scrotum,  the  man  had  a  chill  and 

a  high  temperature,  was  removed  to  the  erjsipelas  pavilion,  became  delirious, 

and  died  comatose  in  less  than  48  hours  thereafter.     A  man  in  the  next  bed 

hadbeen  operated  upon  for  a  fracture  of  the  patella,  he  developed  facial  erysip- 

elas,  but  survived.    Across  the  ward  lav  a  man  vvith  a  simple  fracture  of  tibia 

and  fibula,  and  on  the  same  day  he  developed  erjsipelas  of  the  f ace.    Three  beds 

removed  from  the  first  čase  was  a  man  with  inoperable  cancer  of  the  neck, 

who8e  common  carotid  arterv  had  been  tied.    Three  davs  after  the  first  čase  he 

»•  »• 

liad  erysipelas  in  his  wound3  and  then  erysipel^s  of  the  pharvnx,  with  edema 
of  the  larynx,  and  died  in  spite  of  early  trachcotomy.  Another  patient  near  by 
tad  a  perineal  section  for  stricture  of  the  urethra.  Within  a  few  days  he  had 
erjsipelas  and  died.  There  were  8  deatlis  in  this  ward  as  the  result  of  this 
epidemic,  and  the  lesson  has  never  been  forgotten. 

The  disease  is  infectious  and  contagious.  In  those  early  days  we  knew  noth- 
^^  of  proper  precautions  and  the  hands  of  orderlies  and  siirgcons  infallibly 
<^WTied  the  infection  from  one  patient  to  the  other.  I  have  heard  eminent  sur- 
geons  8ay  that  ervsipelas  in  a  ward  caused  theni  no  anxiety.  To  them  it  wa3 
110  more  than  any  other  infccted  woun<l.  Such  a  view  does  not  agree  vvith  my 
wperiences.  I  have  seen  the  disease  recur  after  inonths  of  excuiption  and 
Wieve  that  the  germ  is  a  peculiarly  resistant  and  enduring  fonn,  not  to  be  re- 
garded  lightly,  and  that  it  should  receivc  most  careful  attcntion  from  the  be- 
Ipnning.  Only  in  this  manner  can  a  hospital  be  protected  from  such  infection. 
l^euse  of  rubber  gloves  for  ali  examinations  and  dressings  is  the  best  means  at 
^^rdisposal  to  avoid  this  particularly  unfortunatc  and  disastrous  tvpe  of  wound 
Infection.  Infection  with  erysipelas  may  have  a  bencfieial  effect  on  shiggish 
^ounds  and  on  sarcomata — more  rarelv  on  carcinomata. 

In  the  extremities  the  abscesses  and  neerotic  processcs  mav  be  localized, 
Of  diffuse.  When  circumscribed  tliev  rcsemble  subcutaneous  abscesses  else- 
^nere,  are  easily  discovercd,  and  deniaud  early  incision.  AVhen  diffuse,  ex- 
^^ding,  for  example,  from  the  ankle  to  the  ku(*c,  or  from  the  \vrist  to  the 
<^'avicle,  they  require,  for  the  relief  of  tensiou  and  evacuation  of  pus,  cuts  of 
unusual  length  from  the  ankle  to  the  knee  or  tli  igli,  from  the  wrist  to  the 
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clavicle.  Ali  tension  rnust  be  relieved,  ali  pockets  drained.  The  operator  must 
remember  that  a  cnt  in  the  skin  two  f  eet  long  is  as  nothing  compared  to  the  lif  e 
of  the  patient,  and  that  such  euts  are  of  no  great  consequenee  since  they  do  not 
as  a  rule  impair  the  usefulness  of  a  limb  and  heal  qiiite  rapidly. 

Gangrene  of  the  Skin. — A  peculiarlj  deadly  form  of  streptococcus  infection 
combined  with  putrefactive  microbes  may  complicate  cutaneous  erysipela8  or 
occur  alone.  This  disease  has  been  called  "ery8ipela8  alba."  It  results  in  a 
progressive  necrosis  followed  by  putrid  decomposition  of  the  subcutaneons  tis- 
sues  and  connective  tissue  planeš.  The  skin  may  8how  no  redness,  bnt  only  a 
boggy  edema.  The  most  fatal  forms  occur  in  the  neck,  and  death  f rom  septic 
absorption  or  edema  of  the  larynx  may  occur  in  two  or  three  day8. 

The  widest  incisions  and  the  use  of  antiseptics  in  the  wounds  and  aH 
pockets  may  8tay  the  process.  Tincture  of  iodin  or  Chlumpsky'8  solution  may 
be  used. 

Camphor  60 

Carbolic  acid 30 

Alcohol    ^ 10 

An  exčes8  of  this  solution  must  be  carefully  wiped  away  with  gauze  swabs 
gently  applied.  The  wound  cavities  may  be  lightly  packed  with  gauze  saturated 
in  the  above  solutions.  Frequent  changes  of  dressings  are  required,  daily  or 
twice  or  three  times  daily.  Pocketing  should  be  sought  for,  and  ali  pockets 
laid  open  as  soon  as  found.  Most  of  these  cases  die  in  spite  of  every  effort  for 
their  relief. 

Stimulants  in  every  form  should  be  given  in  large  doscs ;  in  young  subjects 
alcohol  in  large  guantities  may  be  used  with  advantage,  such  as  brandy, 
whiskey,  or  rum. 

Lymphadeniti8. — Lymphadenitis  is  seen  most  often  in  the  neck  and  groin. 
If  it  ends  in  suppuration,  incisions  will  be  required,  not  enncleation  of  the 
glands.  This  is  a  conclusion  arrived  at  after  a  long  experience  in  the  surgery 
of  infected  wounds. 

Fhlebitis. — Phlebitis  is  observed  in  the  veina  of  the  lower  extremity.  Rest, 
cotton,  and  bandaging,  with  slight  elevation  of  the  limb  and  absolute  immobil- 
ity,  are  indicated. 

To  avoid  the  danger  of  embolism  the  qnieter  the  patient  is  kept  the  better. 

Fneumonia  and  £mpyema. — Pneumonia  is,  as  stated,  one  of  the  most  fatal 
complications  of  erysipelas.  It  may  bc  a  streptococcus  pneumonia  or  a  pneu- 
monia due  to  the  pneumococcus.  It  is  followed  in  a  small  proportion  of  cases 
by  empyema,  giving  the  usual  signs,  and  demanding  the  resection  of  a  rib  and 
drainage.  The  pneumonia  in  these  cases  is  often  a  terminal  phenomenon  last- 
ing  only  a  short  tirne  and  ending  in  death,  and  in  most  instances  little  can  be 
done.  Several  portions  of  the  lungs  may  be  involved  in  succession — "wander- 
ing  pnemnonia." 


,  STATUS    LTMPIIATICUS  161 

Delirinin  Tremens. — The  chronic  alcoholic  is  peculiarly  susceptible  to  infec- 
tion  witli  ery8ipela8.  If  the  alcoholism  has  resulted  in  serious  organic  changee 
in  the  liver,  kidneys,  alimentary  tract,  heart,  and  blood  vessels  the  prognosis  is 
grave. 

It  is  better  not  to  withhold  alcohol  in  these  cases,  but  to  give  it  in  moderate 
quantitie8y  to  force  the  ingestion  of  milk,  eggs,  and  broths  at  f requent  intervals. 
(This  is  contrary  to  the  opinion  of  good  observers  of  large  experience,  notably 
Alexander  Lambert.  In  delirium  tremens  uncomplicated  with  infection  I 
agree  with  him.)  (For  the  use  of  dmgs  and  other  measures,  see  Delirium 
Tremens,  page  166.)  Other  stimulants,  strychnin,  digi tališ,  and  camphor,  may 
be  given  and  an  effort  made  to  induce  sleep.  Paraldehyd  seems  to  be  as  effi- 
cient  as  any  drug  for  this  purpose.  When  asleep  these  patients  should  on  no 
account  be  disturbed. 

These  patients  may  require  restraint,  by  a  sheet  passed  across  the  body  and 
by  suitably  arranged  rolls  of  gauze  or  muslin  tied  to  the  wrists  and  ankles.  A 
method  in  use  for  many  years  at  Bellevue  Ilospital  is  efficient,  easy  to  apply, 
and  much  easier  to  bear  than  a  straight  jacket.  It  is  described  as  follows  by 
Lambert. 

**There  is  no  guestion  that  these  patients  should  be  confined  to  bed  during  the 
entire  delirium  stage,  as  in  the  wilder  delirium  it  is  often  nece8sary  to  restrain  them 
by  a  sheet  tied  around  their  anklea  and  then  tied  to  the  foot  of  the  bed,  and  by  another 
sheet  which  goes  from  the  bed  up  over  one  shoulder,  down  through  the  axilla,  across  the 
baek  to  the  opposite  axilla,  out  across  the  shoulder,  up  to  the  bed;  the  wrists,  when 
necessary,  can  be  restrained  by  a  muslin  bandage  wrapped  around  over  cotton  wool, 
which  thus  prevents  abrasions  and  holds  them  firmly;  sometimes  a  folded  sheet 
stretched  across  is  sufficient  to  hold  them  in  bed." 

The  other  surgical  complications  of  erysipela8  will  receive  due  attention 
el8ewhere  since  they  possess  no  distinctive  peculiarities. 


STATUS   LYMPHATICnS 

Persons  with  status  lymphaticus  should  not  be  operated  upon  if  it  is  pos- 
sible  to  avoid  it.  They  are  very  bad  surgical  risks  and  often  die  merelv  from 
the  administration  of  a  general  anesthetic.  Unfortunately  the  condition  may 
not  be  recognized  until  it  is  too  late.  These  individuals  are  peculiarly  suscep- 
tible to  poisons  of  ali  kinds,  notably  to  ether  and  chloroform,  and  to  aente  infec- 
tions,  and  they  snccnmb  to  slight  injuries  and  operations.  If  oceasion  arises  where 
operation  mnst  be  done  it  might  be  safer  to  use  a  local  anesthetic,  novocain,  not 
cocain. 

So  important  is  the  recognition  of  this  condition  in  order  to  avoid  a  fatal 
result  from  some  relatively  slight  operative  procedure  that  I  quote  from  John- 
9on'8  "Surgical  Diagnosis"  (Vol.  III,  pages  705,  706,  708) : 
12 
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EZTEBNAL    APPEABANOES 

The  body  is  graceful  in  its  proportions,  except  in  disease,  well  nourished,  and 
rarely  obese. 

Tho  eonformation  of  the  limbs  is  most  charaeteristic,  espeeially  that  of  the  ihi^lis. 
These  nre  well  rounded,  arched  anteriorly  and  laterally,  the  latter  being  the  most 
noteworthy  feature.  The  lateral  and  anterior  arehing  exists  both  in  male  and  female, 
and  in  both  sexe8  the  pelvis  may  be  small.  The  upper  arms  are  rounded,  the  shape 
being  graceful ;  the  forearms  are  not  rounded,  exeept  in  marked  eases.  The  muscular 
development,  even  when  exee8sive,  does  not  cloak  these  appearances,  some  of  the 
most  marked  eases  having  occurred  in  muscular  male  cadavers.  This  configuration 
cannot  be  considered  as  a  female  type  of  build,  but  rather  a  persistence  of  the  juvenile 
contour. 

The  skin  most  frequently  has  a  glo8sy,  less  often  a  pasty,  appearance,  as  was  fbrst 
brought  out  by  Escherich  and  Daut. 

Hair. — The  hair  upon  the  pubis  is  distinctly  feminine  in  distribution,  confined  to 
the  suprapubic  fat  pad,  the  superior  edges  being  sharply  marked  ofF.  The  hair  maj 
be  abundant,  but  it  is  never  absent,  except  in  the  young.  A  few  hairs  may  extend  up 
the  line  toward  the  umbilicus. 

AxiLLARY  HAIR  in  adults  is  usually  scanty,  although  the  individual  hairs  maj  be 
long.  Hair  on  head  may  be  abundant  even  in  less  marked  eases.  It  is  coarse,  straight 
and  lusterless. 

Hair  on  Limbs. — Even  in  subjects  having  the  iisual  amouht  of  hair,  the  thighs 
are,  except  for  lanugo,  free  of  hair,  even  when  the  legs  and  forearms  are  hairj.  The 
same  is  true  for  the  upper  arms. 

The  head  is  brachycephalic  in  type. 

The  neck  is  implanted  squarely  upon  the  upper  thoracic  opening.  It  may  be 
either  long,  thin,  and  columnar,  or  short  and  thick. 

Genital  Organs. — ^A  few  of  the  marked  eases  present  evidences  of  infantilism,  the 
extemal  genitals  being  small.  This  infaiitile  type  of  the  genital  organs  is,  however, 
exceptional,  even  in  those  eases  associated  with  a  hypoplastic  condition  of  the  aorta 
and  arterial  8y8tem.    The  glaiis  penis  is  frequeiitly  pointed  like  an  acom. 

Many  of  the  abov(^  characteristica  may  be  absent,  the  most  oonstant  being  the 

pecnliarity  of  the  thighs. 

Thus,  the  pubic  hair  may  be  normal  or  exce8sive,  running  up  to  the  linea  in 
normal  adult  males.    This  is,  however,  exceptional. 

Our  experience  at  the  niorgue  teaches  us  that  the  external  appearances  are  of 
considerable  importanee  in  diagnosing  the  presence  of  the  statva  eases,  C8pecially 
those  which  are  recessive  in  type.  It  is  certainly  a  striking  fact  ihat  tirne  after  tirne, 
without  clinical  history,  the  diagnosis  has  been  made  before  autop8y. 

1.  Status  lymphatieus  is  characterized  by  hyperplasias  of  the  lymphatic  structures 
associated  with  persistence  or  enlargement  of  the  thymus  gland  beyond  the  age  of 
puberty,  with  arterial  hypoplasia  and  pos8ibly  with  hypoplasia  of  the  chromaffin  sy8- 
tem. 

2.  Cases  of  this  state  have  charaeteristic  external  appearances,  espeeially  in 
respect  to  general  eonformation  of  the  body  and  distribution  of  the  hair. 

3.  This  constitution  represents  a  constitutional  anomaly,  and  not  a  mere  per- 
sistence of  the  infantile  type  or  an  arrest  of  <levelopment.  Infantilism  is,  however, 
not  infrequently  associated  with  it. 

4.  Individuals  with  this  constitution  have  a  special  predisposition  to  disease,  and 
increased  su8ceptibility  to  varioua  insults. 
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5.  The  frequeney  of  tho  lyniphatic  constitution  lias  not  boen  8ufficiently  enipha- 
fiizeil,  nor  lias  sufficieiit  account  bcen  taken  of  it  in  its  wide  mcdical,  surgical,  and 
Insurance  aspects,  eapecially  its  relation  to  prognosis  and  duration  of  life.    We  have 
{ouiid  this  croiiditioii  in  abont  2  per  cent.  of  over  2,000  autopsics. 

6.  Not  ali  the  individuals  with  tlie  lyniphatic  constitution  succumb  to  disease. 
MAny  survive  to  adult  age.  The  various  lyniphatic  structures  thereupon  tend  to 
undergo  recessive  changes. 

7.  The  lymphatic  constitution  is  noted  with  especial  frequency  in  diseases  of  the 
ductless  glands  (Ba8edow'8,  acromegaly,  Addison's,  and  in  tumors  and  diseases  of  the 
pineal  gland)  and  in  diseases  sucli  as  epilepsy,  which  are  probably  due  to  disorders  of 
internal  secretion. 

8.  The  thymu8  is  an  epithelial  organ,  and  not  a  lymphoid  structure. 

9.  More  exact  knowledge  of  the  thymus,  in  its  relation  to  general  lymphoid 
hjrperplasia,  to  the  onset  of  spermatogenesis,  and  the  development  of  the  secondary 
seiual  characters  is  vital  to  any  further  progress  in  the  elucidation  of  important 
phjsiolog^c  and  pathologic  consideration  of  health  and  of  disease. 


LOBAB  PKEUMONIA 

Lobar  pneiimonia  is  a  contra-indication  to  ali  operations  except  sucli  as  are 
rendered  necessarj  by  the  complications  of  the  disease  itself.  It  is  worthy  of 
note  that  in  earlier  stages  of  pneumonia,  before  the  phvsical  signs  are  well 
marked,  or  in  cascs  where  the  diaphragmatic  pleura  is  first  involved,  errors  in 
diagnosis  are  not  very  rare. 

Pain  may  be  referred  to  the  abdomen,  and  abdominal  rigidity  may  be  well 
marked.  Highly  eompetent  surgeons  have  opened  the  abdomen  in  scarch  of  an 
innaminatory  focns  and  found  nothing  abnormal,  and  the  signs  of  pneumonia 
uavo  appeared  the  f ollowing  day  or  later. 

I  came  near  doing  this  niy8elf  a  short  tirne  ago  in  a  casc  whorc  a  few  day8  l)efore 
I  nad  rrmoved  a  tuber<;ulou8  testis  associated  with  inguinal  liernia.  The  patient 
nevelopod  a  temperature  with  very  severe  pain  referred  to  the  left  upper  quadrant  of 
tbe  belly  and  back.  A  probable  diagnosis  of  a  tuberculous  kidney  wa8  made.  Within 
two  (iay8  signs  of  pneumonia  in  the  lower  lobe  of  the  left  luiig  were  ret^gnized,  and 
no  operation  wa8  done.  The  patient  survived  and  left  the  hospital  apparently  quite 
welL 

The  surgical  complications  of  pneumonia  are  few  but  very  serious.  The 
mort  important  are  empyema,  absccss  of  the  lung,  gangrene  of  the  lung,  pneu- 
mococcns  arthritis,  pulmonary  embolism,  and  periphcral  venous  thrombosis. 

£mpyema. — In  from  2  to  5  per  cent.  of  the  rccorded  cases  pneumonia  is 
/ollowed  by  empvema.  The  exciting  genn  mav  be  the  pneumococcus,  or  the 
slreptococcMS.  The  percentage  varies  in  children  and  adults.  Ewart  foimd 
that  in  children  75  per  cent.  of  ali  the  cmpvemata  were  caused  by  the  pneu- 
mococcus, 25  per  cent.  by  streptococcus  pvogcncs.  In  adults  the  percentages 
were  reversed. 
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The  treatment  of  empyeina,  as  soon  as  the  presence  of  pus  in  the  pleural 
sac  is  verified  by  the  aspirating  needle,  is  drainage  of  the  pleura  by  resecting  an 
overljing  rib  and  introducing  one  or  more  large  rubber  tubes.  N.  B.  The 
tubes  shoiild  have  large  safety  pins  thrust  through  their  outer  ends  lest  they 
slip  in  and  be  lost  in  the  cavity,  a  most  annoying  accident.  (See  Vol.  I,  Chap. 
VII,  "Aspirating  Devices  in  Surgery.") 

It  is  not  wise  to  irrigate  the  pleura.  If  the  patient  is  weak,  is  breathing 
badly,  and  is  cyanotic,  a  rib  may  be  resected  under  local  anesthesia.  The  pro- 
cedure is  very  painful  and  distressing.    I  seek  to  avoid  it  whenever  possible. 

Abscess  of  the  Lung. — The  treatment  of  abscess  of  the  lung  is  drainage 
when  practicable.     (For  technic  see  Vol.  II.) 

The  other  complications  of  pneumonia  are  rare,  nor  does  their  treatment 
require  special  mention  here. 


ALCOHOLISM 

The  habitual  use  of  excessive  amounts  of  alcohol  greatly  increases  the  risk 
of  surgical  operations,  and  renders  prognosis  after  an  injury  or  in  cases  of  any 
infection  much  more  serious.  The  longer  the  individual  has  had  the  habit 
and  the  larger  the  quantity  of  alcohol  he  takes  daily  so  much  the  worse,  and  yet, 
here,  careful  discriraination  is  nece8sary.  Alcohol  is  a  poison  to  ali,  but  it 
acts  diflFerently  on  different  individuals.  There  are  men  who  have  taken  more 
than  a  quart  of  whiskey  every  day  for  many  years,  who  yet  recover  from  a 
serious  injury  or  a  serious  infection  requiring  operation  without  much  trouble, 
even  though  ali  alcohol  be  withdrawn  at  once.  They  are,  indeed,  the  better 
for  the  withdrawal.  They  are,  as  a  rule,  men  who  have  led  active  lives  out  of 
doors. 

In  other  cases  even  a  moderate  alcoholic  habit  may  cause  the  patient  to  bc- 
come  delirious  after  a  surgical  operation  or  to  develop  pneumonia  and  die. 
Among  alcohoHcs  in  general,  it  is  to  be  remarked  that  pneumonia  is  very  fatal. 

In  some  cases  when  alcohol  is  withdrawn,  the  patients,  for  a  few  days  at 
least,  are  greatly  depressed.  If  in  this  group  an  operation  is  believed  to  be 
necessary  and  there  is  no  indication  for  immediate  action,  the  best  treatment 
I  know  of  is  as  follows :  Keep  the  patient  in  bed.  Feed  him  with  milk,  eggs 
and  broths  at  frequent  interv^als,  keeping  his  stomach  full  of  these  things,  given 
preferably  hot.  Keep  his  bowels  open  with,  first,  a  large  dose  of  calomel 
(1}  Calomel  grs.  ii,  iii  or  iv  with  Sodium  Bicarb.,  grs.  x)  followed  by  % 
to  1  ounce  of  magnesium  sulphate,  the  following  morning.  Give  him  Tinct. 
Nux  Vomica  m.  x,  t.  i.  d.  in  water  a.  c.  and  every  morning  for  two  week8. 
Carlsbad  salts  ,^ss  in  hot  water  before  breakfast.  Iron  and  other  tonics  may  be 
given  if  indicated. 

One  of  the  best  drugs  I  know  of  as  a  tonic  and  sedative  is  asafetida  in 
doses  of  3  graina  fpur  tijnos  a  day;  it  is  well  combined  with  extract  of  iiux 
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romica,  %  grain,  or  ^/4  grain  of  powdered  nux  vomica.  It  is  astonishing  to 
see  liow  these  patients  will  improve  under  this  treatment.  In  a  fortnight  they 
mav  be  so  much  better  that  any  ordinarj  operation — for  hemia,  £or  example, 
or  a  stricture  of  the  urethra — may  be  performed  with  good  conv^lescence.  The 
three  cardinal  points  are : 

(1)  Rest  in  bed. 

(2)  The  bowel8  open. 

(3)  Plenty  of  easily  digested  food. 

When  a  man  long  dependent  upon  alcohol  is  put  in  bed  and  kept  there  with 
no  neces8ity  for  phy8ical  or  mental  effort,  when  he  is  fully  fed  with  simple 
food,  and  his  bowel8  kept  freely  open,  he  loses  quickly  the  craving  for  drink. 
He  iiiay  lie  more  or  less  qnietly,  or  for  a  day  or  two  may  be  a  little  restless, 
biit  after  a  very  few  days,  if  not  obliged  to  exert  himself,  the  craving  passes 
off  and  soon  he  becomes  almost  if  not  quite  norraal.  These  remarks  apply  to 
the  average  yoimg  or  even  middle-aged  dninkard  whom  we  see  in  the  hospitals. 
Ile  should  be  protected  from  the  ncce8sity  of  worry  and  mental  or  physical 
effort. 

It  is  rarely  neces8ary  to  give  a  sedative  for  more  than  two  or  three  nights 
to  induce  sleep.  Such  sedatives  as  veronal,  trional  or  paraldehyd  may  be  em- 
ployed.  An  old  formula  which  agrees  with  most  people  is  useful  when  these 
patients  are  very  nervous.  It  may  be  varied  to  suit  the  individual  čase.  It  is 
JL8  follow8: 

9 

Bromid  of  sodium gr.  xxx 

Chloral  hydrate   gr.  x 

Tr.  of  nux  vomica in.  x 

Tr.  of  capsicum m.  v 

Water  up  to  a  drachm. 

M.  Signa,  a  teaspoonful  every  4  hours  in  water. 

*^i8  dose  may  be  given  well  diluted  vvith  water  every  three  hours  until  the 
P*tient  is  quieted,  when  the  intervals  may  be  increased.  If  the  heart  is  dilated 
or  weak,  digitalis  may  be  added. 

In  some  cases,  chloral  in  doses  of  this  size  seems  to  make  the  patients  more 
cicited.  In  these  cases  the  dose  of  chloral  may  be  doubled  and  caflFein  added 
or  some  other  drug  must  be  chosen.  In  my  cxperience,  mnch  larger  doses  of 
chloral  may  be  given  to  induce  sleep  if  the  hcart  is  in  good  eondition.  After 
a  few  day8  these  sedatives  can  be  oraitted ;  they  tend  to  produeo  a  eertain  de- 
pee  of  mental  and  phy8ical  depression. 

In  the  treatment  of  alcoholism,  A.  Lambert  places  a  high  value  on  the 

hvpodermic  use  of  ergot,  combined  with  strvchnin.     TTo  \varns  against  giving 

these  drugs  by  the  stomach,  more  particu]arly  in  delirium  tremena,  lest  they 

accnmulate  in  the  stomach  and  later  be  absorbed  suddenly  and  in  dangerous 

gnantitj. 
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In  deciding  for  or  against  a  serious  operation  in  the  given  čase,  the  follow- 
ing  conditions — one  or  ali — will  render  the  prognosis  more  serious  or  very  seri- 
ous: Marked  arteriosclerosis,  a  rapid,  feeble  and  dilated  heart,  i.  e.  a  degen- 
erated  heart  muscle,  marked  chronic  gastritis,  chronic  nephritis,  obesity,  pre- 
mature  senilitj,  well-marked  cirrhosis  of  the  liver. 

No  sane  man  would  think  of  operating  on  a  patient  with  delirium  tremens, 
but,  as  the  result  of  accidental  trauma  or  infection,  the  surgeon  is  often  called 
upon  to  treat  these  conditions,  more  especiallj  in  hospitals.  When  a  patient 
who  has  an  alcoholic  habit  is  received  in  a  hospital  suffering  from  an  accidental 
trauma,  it  is  wise  in  my  opinion.  to  give  alcohol  in.  moderate  and  diminishing  qnan- 
tities  for  abont  a  week,  together  with  the  sedatives  jnst  mentioned. 

When  delirium  occurs  it  appears  on  the  second  or  third  day  or  may  rarely 
be  delaved  until  the  8ixth.  \Vhen  active  delirium  develops,  the  treatment  al- 
ready  outlined  in  the  preceding  pages  may  be  used. 

The  treatment  used  by  Lambert  in  Belle\nie  Hospital  is  as  f ollows : 

Alcohol  should  be  absolutelj  withdrawn  in  ali  cases. 

First  and  foremost,  aH  these  pati  en  ts  must  be  treated  from  the  standpoint  of  those 
having  a  degenerated  heart  muscle,  and  they  therefore  should  be  stimulated  with 
strychnin  (gr.  1/60-1/30,  gm.  0.001-0.002)  every  four  hours  or  oftener,  or  by  caffein 
or  camphor,  and  these  are  best  given  hypodermically.  Strong  cofFee  or  tea  can  be 
given  in  mild  cases  instead  of  the  pure  caffein.  The  patient  should  be  given  a  purga- 
tive  such  as  compound  cathartic  pills,  compound  licorice  powder,  or  calomel.  In 
young,  vigorous  adults,  without  any  appreciable  change  in  their  arteries,  who  have 
recently  been  drinking,  an  emetic  such  as  copper  or  zine  sulphate  is  often  an  advan- 
tage.  These  should  never  be  given  to  elderly  persons  or  to  those  who  appear  old  for 
their  age. 

In  mild  and  abortive  attacks  a  dose  of  a  dram  of  paraldehyd,  repeated  if  neces- 
8ary  in  an  hour,  is  ali  that  is  neces8ary  to  cause  sleep,  from  which  the  patients  fre- 
quently  awake  either  clear-headed  or  with  their  delirium  lessened.  In  the  severer 
cases  the  paraldehyd  may  be  given  in  dram  doses,  at  hour  intervals,  even  up  to  three 
doses.  Other  hypnotic8,  such  as  sulphonal,  trional,  etc,  have  in  the  hands  of  the 
writer  U8ually  failed  utterly  except  in  the  mildest  cases.  Opium  should  be  resorted 
to  only  as  a  last  resort,  and  is  e8pecially  contra-indicated  with  pronounced  arterio- 
sclerosis. Hyosein  (gr.  1/125,  gm.  0.0005)  and  morphin  (gr.  1/6-^4,  gm.  0.01-0.015), 
hypodermically,  should  only  be  given  to  young  and  vigorous  individuals  in  whom  the 
motor  symptom8  are  especially  marked.  Hyoscin  alone  tends  to  increase  the  delirium, 
especially  in  women.  Often  in  the  severest  cases  a  mixture  of  hyoscin,  gr.  1/100 
(gm.  0.0006)  with  apomorphin,  gr.  1/10  (gm.  0.006)  and  strychnin,  gr.  1/30  (gm. 
0.002),  will  quiet  them  and  give  at  least  a  few  hours'  rest.  Bromids  are  insufficient, 
and  in  the  hands  of  the  writer  have  been  practically  useless. 

Chloral  is  one  of  the  best  drugs  when  properly  administered ;  small  doses  are  use- 
less, and  Lancereaux  claims  that  they  even  tend  to  excite  these  patients.  When  the 
heart  is  properly  stimulated  chloral  hydrate  does  not  have  any  deleterious  effects. 
Lancereaux  recommends  thirty  to  sixty  grain  doses  (gm.  2-4);  the  combination  of 
chloral  and  morphin  is  e8pecially  advantageous  in  that  smaller  doses  of  each  can  be 
given  and  the  mixture  be  more  efPective  than  either  singly.  The  mixture  of  morphin, 
gr.  Vs  (gm.  0.008),  chloral,  gr.  15-30  (gm.  1-2),  with  tincture  of  hyoscyamus,  5s8 
(2  C.  c),  tincture  of  ginger,  m.  x  (c.  c.  0.6),  and  tincture  of  capsicum,  m.  iii  (c  c.  0.2), 
and  water  to  Jss.  (c.  c.  15)  is  very  effective,  and  can  be  repeated  at  the  end  of  an  hour. 


ALCOHOLISM 


167 


Tlieee  hjpnotice,  while  causing  sleep,  do  not  nece8Barily  cut  short  the  deliriiim,  but 
liter  u  fileep  of  some  houra  the  dplirium  is  often  quieter  and  there  is  the  furtlier 
■ilvanlaBe  of  rest  for  the  heart  froni  pessatioii  of  motor  Mcitement.  Of  late  years 
Ihe  wriU'r  haa  used  ergot  liypodermically  in  Liviiigston'B  aolution,  which  is  aa  folloivs: 
One  dram  of  ihi?  aolid  cxtract  of  ergot  is  dissolved  in  aii  ouuce  of  sterile  water  and 
three  ilrops  of  (.'hloroform  and  three  grains  of  chloretone  are  added,  and  tiie  aolution 
lillereil;  this  is  Hterlle  aud  ahould  be  given  straight  into  the  musclea  in  the  gluteal 
ffgion  or  in  the  deltoid.  It  ahould  never  be  given  subcutaneouslj ;  if  cnreleselj  given, 
il  will  pmduce  painful  apots.  The  adminialration  of  thirtj'  dropa  nf  thia  aolution. 
hjpodennicnllj,  every  two  to  four  houra,  redu(;ea  the  dilated  blood  veeaels,  lesaens 
ihe  TBriuus  congestiona,  and  brings  about  a  better  equilibrium  of  the  circulation. 
After  it  there  is  &  dietinct  tendency  to  a  quieter  delirium  and  less  need  of  restraint; 
H  r«JucM  the  tremor,  lese  hjpnotic  is  required,  and  it  diminiahea  the  tendenoy  to 
'«et  brain."  The  writer  haa  never  seen  sjmptoms  of  ergotiam,  although  thirty 
ninims  of  this  solution  were  given  every  two  hours  for  ten  daya  or  longer.  As  soon 
■>  PDtifTiu  Bwake  they  niuat  be  given  food,  best  in  the  form  of  niilk  or  milti  and  eggs. 
This  should  be  given  regularly  everj  two  or  three  hours  during  the  delirium,  but  if 
laleep  ihi?y  should  not  be  awakeiied  for  any  reason. 

The  trentment  for  the  'Vet  bruin"  condition  ahnuld  be  begun  as  aoon  as  it  ie 
"uapetled.  Stryohnin,  gr.  1/60  to  1/30,  and  ergot.  30  niininis.  both  hypodennieally, 
•Muld  be  given  every  two  liours,  and  cafTein  and  camphor  aro  alao  of  use.  The  paticnt 
•liould  be  carefully  fed  every  two  hours  with  inilk,  brolh,  and  pggB.  and  thorough 
purgiug  JB  advisable.  Almhol  aeems  to  increase  the  eSueion,  and  ahould  not  be  given. 
"Ufiiig  eonvaleacenee,  however,  a  little  alcohol  in  the  form  of  eggnog,  two  or  three 
'"'IV  a  da;  for  a  few  dayB  is  often  of  benefit. 

A  treatment  haa  been  publiahed  by  McBride  of  Toronto,  which  haa  proved  Tery 
■OMesaful  in  his  hande.  The  writer  has  tried  it  in  a  few  patients,  and  so  far  the 
ttsults  have  been  nll  that  eould  be  desired.  It  ia  as  folIowa;  As  soon  as  the  patient 
"  over  llie  ecvere  effeijta  of  his  debauch,  or  if  he  is  steadily  drinking  without  any 
■funltim  outbreak,  he  Bhould  be  (rivcn.  hypodermieally,  three  times  a  day,  atrnpin  and 
"ichijin,  of  eoch  gr.  1/100  (gm.  0.0006);  these  druga  ahould  be  graduul!y  inereased 
""'■I  ihe  fuU  plijaiological  effect  of  the  atropin  is  obtaiiied  and  the  palient  ia  taking 
*  thittieth  or  even  a  twenlieth  of  a  grain  of  Btrychnin  three  times  u  day ;  when  the 
"""lih  it  fcntinually  dry  and  the  pupila  dilated,  the  atropin  should  be  redueed  sliKhtly 
■™  Wd  at  ihis  doaoge  for  four  or  five  day8;  then  both  the  8trychnin  and  atropin 
'™i'l'l  be  (rradually  redueed,  and  finally  the  patient  ahould  be  given  the  drug  twioe 
™lj.  then  once  daily,  and  then  cut  off  entirelj;  the  lenpth  of  tirne  required  for  thia 
™tnipnt  is  about  a  nionth  or  aix  weeks.  Often  the  eompound  tincture  of  einchona 
'•  lAled.  e«pecially  in  the  moniing.  when  the  craving  for  aleohol  is  greatest.  It  is  a 
"ftiaablc  faet  that  after  a  fcw  dayB,  U8iially  in  less  than  a  week,  the  desire  for  alcohol 
usceaged,  and  Ihe  thirst  froni  thrt  drynesa  of  the  mouth  is  eaail;  aatiafied  with  water. 
McBride  reporta  that  he  has  tried  thia  for  a  number  of  year8.  and  the  patiente  whom 
*■  IhiiH  treated  ten  or  twelve  yeaTS  ago  havc  remained  abstinent;  this  has  not 
Ktn  univeraally  sueeeBsfiil,  bnt  in  his  hands  it  has  suceeeded  in  auch  a  large 
tnajoritj  of  eaoea  that  it  Ib  worthy  of  tho  most  extenBive  trial,  and  it  has  the  speeial 
idfantoge  lliat  the  patienta  need  not  be  coufined  or  absent  from  their  bomea  or  even 
\lj  work. 


Thia  tpeatnient  has  now  been  in  rather  estensive  iise 
oe  yearB  and  bas  fiirnished  aatiafactorv  results. 


I  Ncw  Tork  City  for 
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USE   OF   OPIUM  AND   MORPHIN 

Before  the  use  of  opiiim  and  morphin  has  produced  marked  deterioration 
of  health  and  while  the  heart  miiscle  is  stili  in  fair  condition,  the  habit  is  not 
in  my  experience  a  serious  contra-indication  to  a  surgical  operation.  The  pa- 
tient  must  by  no  means  be  deprived  of  his  accustomed  doses  or  disaster  is  snre  to 
follow.  If  the  total  quantity  taken  in  24  hours  is  large,  it  may  be  diminished 
somewhat  and  the  bowels  should  be  thoroughly  emptied  by  purgatives  and  kept 
active. 

If  the  patient  has  long  been  habituated  to  the  drng  and  it  be  suddenlj  and 
totallj  withdrawn  he  will  wilt  like  a  wet  rag  and  pass  into  a  oondition  of  mental 
and  bodilj  wTetchednes8  which  may  speedilj  end  in  f atal  oollapse.  If  to  this  is 
added  the  shock  of  a  surgical  operation,  it  is  easy  to  iinderstand  that  a  fatal 
result  is  very  probable.  If,  on  the  other  hand,  he  gets  his  stimulant  at  stated 
intervals,  even  thoiigh  somewhat  less  in  quantity,  his  convalescence  may  be  and 
often  is  as  smooth  as  could  be  desired. 

The  difficultv  in  these  cases  often  is  that  the  patient  does  not  confess  his 
habit,  perhaps  does  not  realize  how  dependent  he  is  npon  the  drug,  or  fears  to 
suflFer  the  shame  which  a  knowledge  of  his  slavery  will  entail  among  his  friends, 
or  in  other  cases  the  family  will  unwisely  withhold  their  knowledge  of  the  con- 
dition and  permit  the  siirgeon  to  operate  in  ignorance.  Therefore,  the  8ymp- 
toms  of  chronic  morphinism,  and  more  especially  the  symptoms  of  deprivation 
from  the  drug,  should  be  well  understood  by  every  surgeon.  Tn  mv  experience 
those  who  take  morphin  habitually  do  not  realize  what  abstinence  means.  They 
never  abstain  long  enough  to  know  more  than  the  premonitory  symptoms  of 
deprivation.  When  any  sHght  additional  call  is  made  upon  their  energies,  they 
naturally  think  that  it  can  bctter  be  met  with  j  ust  a  little  of  the  customary 
stimulant.  The  little  niust  be  increased  to  more,  and  that  to  stili  more,  until  a 
grain  or  two  becomes  just  a  small  stimulating  dose  which  scarcely  counts  in 
the  dav's  allowance. 

It  is,  therefore,  important  for  the  surgeon  to  seek  the  confidence  of  his 
patient  in  anv  suspected  čase  of  drug  addiction  in  order  that  a  proper  iinder- 
standing  of  the  conditions  mav  be  known  and  proper  measures  may  be  taken. 
This  can  best  be  done  by  placing  the  patient  in  a  hospital,  taking  away  eyery- 
thing  in  which  the  drug  could  be  concealed  and  having  him  constantlj  watched 
for  a  day  or  two.  If  he  is  addicted  to  opium  or  morphin,  certain  symptoms  will 
certainlv  develop  within  twenty-four  hours.  They  will  vary  in  intensity,  ac- 
cording  to  the  duration  of  the  habit  and  the  quantity  taken.  They  are  yawning, 
violent  and  repeated  sneezing,  a  profuse  discharge  of  tears  from  the  eves  and  of 
mucus  from  the  noše,  cramps  in  the  legs  and  back,  profuse  sweating.  The  skin 
is  at  first  Hushed,  later  eold  and  ciammv,  and  the  sweating  is  often  most  marked 
upon  the  forehead  and  at  the  back  of  the  neck.  The  sweating  may  be  preceded 
by  chills  alternating  with  flushes  of  heat  up  and  down  the  spine.    The  yearning 
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^nd  craving  for  the  source  of  peace,  ease  and  comfort  are  siich  tliat  the  individ- 

Mal  regards  it  as  his  right  as  though  when  thirstj  he  were  deprived  of  water.  As 

the  hours  pass,  after  the  tirne  of  the  habitual  dose,  the  patient  becomes  pale,  the 

iace  has  an  anxious  drawn  expression,  extreme  restlessness  appears,  he  thrashes 

about  in  bed,  and  there  may  be  violent  jactitation  of  the  limbs  and  an  iitter 

inability  to  lie  stili.     A  feeling  of  constriction  about  the  chest  is  complalned 

of,  and  the  respiration  is  sighing.     The  patient  becomes  very  weak,  with  a 

fapid,  thready  pulse.     He  can  hardly  stand  or  walk,  nausea  and  vomiting  are 

common^  and  within  a  day  or  two  a  profuse  diarrhea.     This  last  niay  stili 

further  weaken  the  patient  and  in  bad  cases  the  vomiting  and  purging  may  con- 

tinue  until  he  passes  into  a  fatal  eollapse.    He  may  become  hvsterical  or  even 

maniacal  and  attempt  suicide,  or  murder;  eollapse  with  heart  failure  may  sud- 

denlv  follow  and  the  patient  may  die,  unless  morphin  be  given,  when  the  8ymp- 

toma  disappear  like  magic  and  he  is  himself  again.     If  siieh  svmptoms  occnr 

and  then  8iiddenly  cease  without  treatment,  it  is  certain  that  the  patient  has 

obtained  his  drug  somehow. 

The  suflFering  from  abstinence  is  so  great  that  patients  will  resort  to  any 
^^pedient  to  obtain  the  drug,  and  use  great  cunning  and  skill  in  hiding  it, 
secreting  it  in  the  toe  of  a  bedroom  slipper,  the  inside  of  a  sock  on  the  foot,  a 
c^garette  čase,  between  the  leaves  of  a  book,  etc. 

One  of  the  most  common  results  of  the  prolonged  use  of  opium  and  morphin 
*8  ernaciation,  leading  in  the  end  to  profound  cachexia.  Patients  in  this  con- 
dition  should  not  be  operated  upon  if  it  be  possible  to  avoid  it.  The  condition 
^f  the  heart  and  of  the  kidney8  should  be  looked  into  carefully  in  such  cases, 
*ince  the  heart  muscle  is  often  degeneratcd  and  the  kidnevs  faulty.  Loss  of 
*^ir  and  teeth  occurs  during  the  advanced  stages  of  chronic  morphin  poisoning, 
^8Ually  with  extreme  phvsical  weakness  and  emaciation,  and  are  signs  of  ill 
^men.  In  such  cases  the  processes  of  repair  and  resistance  of  the  tissues  to 
^nfection  are  greatly  diminished. 

If  operation  be  decided  upon  and  delay  is  permissible,  an  attempt  should  at 

fii^st  be  made  to  improve  the  general  condition.     Most  important  is  it  to  get 

^^  alimentary  tract  in  a  state  to  absorb  food.     To  this  end,  repeated  doses  of 

castor  oil  are  useful,  given  daily  for  a  week  or  longer,  in  1-ounce  doses,  or 

V2-ounce  twice  or  3  times  daily. 

As  a  tonic,  8trychnin  may  be  given  subcutaneouslv  in  doses  of  gr.  1/30-1/00 

^^eral  times  a  day.    For  patients  in  better  general  condition,  tincture  of  nux 

vomica,  citrate  of  iron  and  quinin  and  tincture  of  capsicum  are  useful.     The 

subcutaueous  use  of  ergot  as  in  alcoholism  is  highlv  spokcn  of  bv  A.  Lambert. 

Tea  and  cofFee,  and  for  a  time  alcohol,  in  moderate  doses  mav  be  given.    Egg- 

^made  with  milk,  egg,  and  brandy,  sherrv  or  rum,  given  3  or  4  times  daily, 

"^lp8greatly  to  make  these  patients  more  comfortable  and  to  improve  nutrition. 

If  the  patient  does  well  after  operation  and  is  anxious  to  be  rid  of  his  habit, 

^  attempt  may  be  made  to  cure  him  by  the  rather  rapid  method  of  with(lrawal. 

^'  C.,  the  dose  is  r^uced  one-half  each  day  until  in  a  few  days  the  drug  is 
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entirelj  withdrawn.    The  suffering  is  severe,  but  the  very  gradual  withdrav%r  ,^/ 
is  tedious  and  trjing  in  the  extrenie  for  both  patient  and  his  attendants. 

He  will  regnire  constant  watchfiilne88  day  and  night  and  is  best  placed  i  m 
a  hospital  or  special  institution.  The  suffering  for  the  first  few  dajs  is  seveir^, 
and  the  patient  requires  every  possible  aid  and  encouragement. 


USE   OF   OOOAIN 

The  lise  of  cocain  as  a  local  anesthetic,  either  subcntaneouslj  or  locall^ 
upon  mucous  surfaces,  while  stili  general,  has  been  supplanted  to  a  great  ext^i3.t 
by  novocain  nsuallv  combined  with  adrenalin.     The  latter  combination 
sesses  two  advantages,  i.  e.,  it  can  be  sterilized  in  solution  without  destrovi 
its  effects  and  is  much  less  poisonous. 

We  are  hero  concerned  with  the  habitual  use  of  cocain  as  a  stimnlant  a^T^^ 
what  effect,  if  any,  such  use  may  havo  upon  the  individual  considered  a»      ^ 
surgical  risk.    Of  the  threc  intoxicants  in  most  common  use — alcohol,  morpti.  "^  '■^ 
and  cocain — the  last  named  is  the  most  rapid  in  its  destructive  effects  upon  t^"^* 
bodv  and  niind  of  its  victims.     It  is  taken  either  by  snuffing,  by  mouth, 
subcutaneously.    The  doses  vary,  and  may  reach  a  maximum  of  gr.  30-60  dai 
In  those  not  habituated  to  its  use  Vi"!  gi'ain  may  be  a  dangerous  subcutanec^ 
doso  in  the  adult  and  a  much  smaller  quantity  in  children.    Many  persons  ta- 
morphin  and  alcohol  and  to  combat  the  depressing  after-effects  take  cocaE- 
Others  take  cocain  as  their  principal  stimulant  and  alcohol  or  morphin  or  otla^ 
hypnotics  to  put  thcm  to  sleep. 

The  primary  effects  of  a  moderate  (non-poisonous)  dose  of  cocain  are 
intense  mental  and  bodilv  exhilaration,  said  to  be  more  agreeable  than  a 
other  form  of  intoxication.    These  effects  are  brief  in  duration,  and  are  acco: 
panied  by  an  increased  pulse  rate,  by  an  irrepressible  mental  and  moi 
activitv,  and,  if  the  drug  is  taken  at  night,  are  followed  by  insomnia. 
is  also  a  sMuptom  of  cocain  intoxication. 

When  taken  habituallv,  cocain  produces  insanity.     These  patients  eai*"  -^^ 
lose  self-respect  and  ali  sense  of  respon8ibility.    They  become  careless  of  th' 
affairs  and  lie  without  compimction,  later  delusions  of  grandeur  are  prese 
the  individual  believes  himself  capable  of  wonderful  feats  of  phy8ical 
mental  strength.     He  mav  bo  furioualv  industrious  in  his  profession,  but 
actual  accomplishmcnt  is  infcrior  to  normal  work.     He  often  believes  that 
has  discovered  new  methods  or  new  principles  and  has  developed  new  theori 
of  great  importance.     When  critically  considered,  his  methods,  principles  a 
theories  are  foimd  to  be  borrowed  from  well-considered  ideas  of  sane  me 
alreadv  well  known,  or  else  thev  are  mere  eidolons,  without  substance  and 
no  practical  value.     He  may  talk  or  write  incessantly,  but  what  he  8ay8 
writes  is  confusod,  wandering  and  useless. 

Soon,  hallucinations  of  the  various  senses  occur,  and  delusions  of  persec^ 
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skillfully  given,  general  anesthesia  by  gas  and  ether  does  not  materially 
crease  tbe  operative  risk  in  these  cases. 

Where  seciueslrailon  of  tlie  part  is  possible,  as  in  the  extremitie8,  loc^l 
anesthesia  offers  advantages  in  certain  cases,  notably  in  diabetes,  arterio- 
sclerosis,  nephritis  and  where  the  heart  muscle  is  degenerated.  In  these  cas^^ 
a  general  anesthetic  may  increase  the  operative  risk,  and  with  čare  even  ampui- 
tation  of  the  thigh  may  be  done  with  relatively  little  pain.  In  diabetic  cas^s 
of  gangrene  of  the  foot  and  leg  I  have  amputated  in  the  middle  third  of  the 
thigh  with  sequestration  anesthesia  of  novocain  and  adrenalin,  with  only  tlne 
slightest  pain  in  cutting  the  sciatic  nerve  and  none  at  ali  in  8awing  the  femizr-. 


SYPHILIS 

Speaking  broadly,  syphilis,  even  in  its  earlier  and  more  active  stages^     i^ 
not  a  contra-indication  to  siirgical  operations.    These  patients,  more  especiftU^^ 
if  put  on  active  treatment  beforo  and  after  operation,  do  about  as  well  as  oth^:«^^- 
The  surgeon  runs  some  risk  of  infecting  himself,  and  yet,  if  gloves  be  wo:r"^x^) 
such  risk,  as  shown  by  experience,  is  slight  though  real. 

There  are,  however,  many  cases  where  the  surgeon  does  not  know  that  13- ^^ 
patient  is  syphilitic.  The  wound  may  heal  in  a  sluggish  way.  There  is  '^^^-^ 
active  infection,  and  vet  the  healing  is  not  ideal.  The  wound  edges  normal  ^^ 
united  in  a  week  or  less  do  not  agglutinate.  A  drainage  orifice  does  not  cl 
as  it  shoiild.  There  is  little  or  no  discharge,  and  yet,  somehow,  the  wound 
not  heal  and  close  as  it  should.  Enquiry,  or  the  Wassermann  test,  may 
a  history  of  foriner  infection.  Neosalvarsan  and  mercury  by  inunction  a 
iodid  of  potassiiini  internally,  in  moderate  doses,  will  work  a  magical  cu 
Since  we  now  have  a  Wassermann  test  made  almost  as  a  rule,  many  errors  a 
avoided.  In  many  of  these  cases  a  špirit  of  kindly  humanity  will  cause  t 
surgeon  to  allego  to  friends  that  a  suitable  tonic  was  aH  that  was  needed 
cause  the  wo\in(l  to  heal. 

There  are,  however,  many  cases  of  active  and  late  syphilis  where  the  qu 
tion  of  a  surgical  operation  and  the  decision  of  this  qiiestion  are  a  very  serio 
matter.     In  cases  of  severe  svphilitic  cachexia  owing  to  want  of  treatment 
in  cases  severcly  poisonod  by  mercurv,  operations  are  strongly  contra-indicate^ 

I  have  seeii  cases  of  carly  malignant  svphilis  where  in  spite  of  the  m 
active  and  carofnl  treatment  the  lesions  were  severe  and  recurrent.  If  n- 
inii)rov(»<l  by  neosalvarsan,  these  patients  should  be  sent  to  the  "Hot  Sprin 
of  Arkansas"  and  after  a  sojourn  of  six  weeks  or  two  months  they  will  usual 
rotuni  \voll,  aH  active  nianifestations  gone  and  in  good  general  health.  Th 
are  th(Mi  gooil  snrgical  risks,  and  anv  operation  of  expediency  may  be  done  wi 
nearlv  the  sanica  proji^iosis  as  in  a  norma!  individual.  The  operator  must,  ho 
ever,  bear  in  niind  that  his  oNvn  risk  of  infection  may  be  the  same,  and  that 
slight  abrasion  or  a  needlo  prick  mav  make  him  also  a  syphilitic. 
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tetanic  serum,  at  once.  Wlicn  the  8yinptoms  of  lockjaw,  etc,  ha  ve  developeJ 
the  serum  is  of  Httle  use,  and  other  measures  (see  Volume  IV)  must  1>€ 
added. 

DIABETES  MELLITUS 

The  presence  of  sugar  in  the  urine  is  a  contra-indication  to  aH  surgica-l 
opcrations  exeept  thosc  whieh  are  absolutely  necessarjr. 

If  in  addition  the  urinš  eontains  acetone  and  diacetic  acid  the  risk  is  greatl^ 
increased.  If  also  Beta  oxybutyric  acid  is  present  the  patient  is  in  a  dangeroixs 
condition  and  is  like]y  to  go  into  coma  at  any  time.  Persons  in  this  conditioTi 
who  receive  a  general  anesthetic  and  undergo  a  serious  surgical  procedure 
very  apt  to  pasa  into  diabetic  coma  and  die  in  a  few  days.  If,  as  in  cases 
diabetic  ganjujene,  it  iMJcomes  nece8sary  to  operatc,  the  patient  should  be  pv»t 
upon  diabetic  diet,  and  if  acidosis  is  present  should  receive  large  doses  o^ 
sodium  bicarbonate. 

An  attempt  should  be  made  to  determine  the  quantity  necc88ary  to  rend^^ 
the  blood  alkaline,  this  being  a  fair  measure  of  the  patient's  resistance,  aocox"<3- 
ing  to  Blum.  In  mild  cases  this  quantity  will  be  about  20  gm.  daily;  in  mo'*^ 
severe  cases  20-*50  gm.,  in  bad  cases  50  gm.  In  cases  of  coma  no  amount  ^^^ 
sodium  bicarbonate  taken  internally  will  make  the  blood  alkaline.  Wiener  c^^^*^" 
siders  that  when  the  daily  excretion  of  anunonia  exceeds  1  gm.  serious  8urgi<5^** 
proceduros  are  contra-indicated. 

A  local  measure  of  benefit  when  moist  diabetic  gangrene  is  present  is  d^® 
application  of  drv  heat  in  the  form  of  a  blast  of  hot  air.  This  is  accomplisti.^^^ 
by  a  special  electrical  apparatus.  This  application  should  be  made  for  * 
half  or  three-([iiarters  of  aii  hour  daily  and  should  be  applied  to  living  ^*-^ 
well  as  dead  parts,  since  an  active  hyperemia  is  produced,  thereby  improvl^"*^ 
nutrition.  To  the  living  parts  the  temperature  of  the  air  may  be  80®  to  lO^"^ 
V.  To  the  doad  tissues  200°  to  800°  i\  or  higher.  By  this  means  the  de^^^^ 
tissuos  are  rapidiv  dcsiccated,  bactorial  growth  and  septic  absorption  are  dim 
ished,  the  pain  and  evil  odor  are  lessened,  and  the  general  condition  improv«^ 
so  that  \vitli  a  proper  diet  the  patient  may  be  changed  from  a  hopeless  to  co 
paratively  good  surgical  risk,  and  an  amputation  be  done  with  a  su 
result. 

In  a  large  proportion  of  these  cases  a  marked  degree  of  arteriosclerosis 
present.  This  may  be  treated  with  the  vasodilators.  The  best  of  these 
iodid  of  potassium,  which  may  be  given  in  5/10  grain  doses  well  diluted 
water,  t.  i.  d. 

The  surgical  complications  of  diabetes  depend  largely  upon  a  diminish 
resistance  of  the  tissues  to  pyogenic  infections.     The  most  conunon  are  boi  ^ 
carbuncles,  and  gangrene  of  the  tocs  and  foot.     In  addition,  acute  progressl 
necrotic  infection  of  the  toes  and  šole  of  the  foot  and  chronic  perforating  ul<?^ 
of  the  šole  of  the  foot  are  not  uncommon. 
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ted  with  arteriosclerotic  clianges  in 
partial  obliteration  of  their 


The  gangrenous  proceasea  i 
ihe   arteries  supplying  the  part,  with  t 
calibera,  sometimes  with  thrombosis. 

In  treating  these  proeeases  8iirgically  hy  mci8ion  of  boils,  e^cision  of  car- 
biuicles.  and  amputation  of  gangrenous  members,  we  are  sometiraes  able,  by 
diet  and  other  measureB,  to  improvc  tiie  patient'B  general  condition  and  bring 
him  to  tbe  operating  room  a  better  siirgieal  riak.  Moreover.  with  improved 
resistancc,  a  lesa  radical  operation  may  siifficc;  for  osample,  reinoval  of  one 
or  more  toea  iustead  of  amputation  through  the  thigh.  One  cantion  is  bere  in 
order,  namelj,  if  tbe  infection  ia  spreading  rapidly  or  \a  acute,  as  in  moist 
g:augrene  of  tbe  foot  witli  septie  abaorption,  wbieb  resista  tbe  meaaurea  alreadv 
•lescribed,  or  in  carbuncle  of  tbe  back,  the  riak  of  a  radical  operation  ia  lesa 
tiinn  tbat  of  delay. 

Met, — In  casGs  wbere  the  delay  ia  permiasible  we  prepare  the  patient  aa 
stated,  by  diet  and  otber  agenta.  Thia  diet  treatment  baa  been  atudied  and 
fommlated  with  great  eare.  To  be  eifective,  it  mtist  be  carried  out  with  akill 
and  watchfulneas.  Tbe  details  are  ao  iraportant  tbat  I  bere  quote  in  aome  detail 
f  rom  an  article  by  Tboniaa  B.  Futcher  in  Oaler'a  "Modem  Medicine"  (Vol.  I, 
Chapter  XXIX)": 

*'We  have  seen  tbat  the  syniptom8  of  diabetes  are  directly  or  indirectly  de- 
P^n»ient  upon  the  hvperglvceinia,  tbe  grade  of  whicb  ia  pretty  accurately 
'ndicated  bv  tbe  anioiint  of  gliicoae  excreted.  Oiir  object,  therefore,  abould 
"^  to  climinate  the  bvpergljcemia  if  possible.  ThJs  will  bo  most  (jiiicklv 
^ffeoltd  by  cutting  out  of  the  dietary  thoae  constitiients  tbat  are  mnut  readilv 
^'^»»verted  by  the  digestive  processes  into  grape-sugar— naine]y,  tbe  carbo- 
Kvdratea. 

•'When  a  diabotic  patient  comes  under  observation,  it  should  be  tbe  phyai- 

ciaii"a  flrst  duty  to  ascertain  tbe  patient'a  capacity  to  warebouse  carbobydrate9, 

"■".   in  other  worda,  to  determine  hia  tolerance  for  carbobydrate8.     Thia  ia  dono 

"y   placiog  tbo  individual  for  at  leaat  five  dava  on  a  diet  absobitelj  free  from 

■^rtliea  and  sugar;  that  is,  on  a  proteid-fat  diet.    In  ao  doing  hia  weight  raust 

''*  taken  into  consideration  and  the  diet  so  arranged  that  it  »ill  provide  approsi- 

"'atelv  forty  calories  for  eacb  kilo  body-weigbt,     Tbis  can,  as  a  rule,  be  fairly 

'"^a*lily  done — and  in  a  hoapital  work  abould  alwaya  be  done — -as  tbe  proteid 

***d  fat  percentage  of  the  varioua  foods  ia  given  in  some  of  tbe  standard  worka 

""    dietetics.     Knowing  that  1  gram  each  of  proteid  and  carbohydrat6a  yields 

■^  >  and  1  gram  of  fat,  9.3  heat  units,  the  caloric  eqiiivalent  of  the  diet  can  be 

'*adily  calciilated.     As  the  carbobydratea,  which  ordinarily  provide  the  largest 

'^''»iiber  of  calories  in  our  diet  are  cut  off,  it  will  be  seen  tbat  tbe  protoids  and 

*^  »nist  be  largcly  increaseil  to  make  up  for  tbia  deficit.     Before  arranging 

"<s  iiun-carl>obydrate  diet,  tbe  individual  likes  and  dislikoa  of  tbe  patient  should 

•  OM-ertained,  ao  aa  to  aecure  one  that  will  be  most  palatable  and  one  tbat  will 


''^oly  be  ontirely  eaten  eacb  day  during  tbe  teat.     Tbe  folIowing  may  bo  nsed 
'■  a  'standard'  diet  for  tolerance  test,  subject,  to  be  aiire,  to  variations  accord- 
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ing  to  the  patlent'8  age,  weight,  and  likes  or  dislikes  for  certain  forms 
meats: 

''BreahfasL — 7.30  a.  m.    120  grams  (J  iv)  beefsteak  or  mutton  chops  wii 
out  bone;  two  boiled  or  poached  eggs;  200  c.  c.  (5  vi)  of  tea  or  coffee. 

"Lunch, — 12.30  p.   m.     200  grams   (S  vi)   cold  roast  beef,   mutton,   o: 
chicken;  60  grams  (*  ii)  celery,  fresh  cucumbers,  or  tomatoes,  with  5  c 
(3  i)  vinegar,  10  c.  c.  (3  ii)  oil,  pepper  and  salt  to  taste;  20  c.  c.  (3  v)  whi8key 
(if  desired)  ;  400  c.  e.  (5  xiii)  of  water  or  ApoUinaris  water;  60  c  c  (5  ii) 
coffee. 

'^Dinner. — 6  p.  m.  200  c.  c.  (5  vi)  clear  bouillon;  200  grams  (5  vi)  roast 
beef;  60  grams  (^  ii)  lettiice  with  10  c.  c.  (3  ii)  vinegar;  20  c.  c.  (3  iv)  olive 
oil,  or  three  tnblospoonsful  of  some  well-cooked  green  vegetable,  as  spinacli  ; 
three  sardinos  a  riniile ;  20  c,  c.  (3  i  v)  oognac  or  whiskey  (if  desired),  with  400 
C.  C.  ApolHnaris  water. 

'^Supper. — 9  p.  m.    2  eggs,  raw  or  cooked ;  400  c.  c.  ApoUinaris  or  seltsor 
water. 

"With  the  foiir  meals  at  loast  fifteen  grams  (about  3  iv)  of  butter  should  l>o 
used  in  making  the  gravies  and  with  the  eggs.    No  milk  or  sugar  is  permitt^Kl 
with  the  tea  or  coffee.    Saccharin  may  be  used  to  sweeten  them.    The  tirne  of 
taking  hmch  and  dinner,  of  course,  may  be  reversed.     This  daily  diet  8hoii.l<l 
provide  a  person  of  60  kilos  (132  pounds)  with  a  little  over  the  requisite  2,400 
calories  for  an  individual  of  that  weight.    One  precaution  must  be  emphasiz^^^ 
here.    If  the  paticnt  has  been  eating  f reelv  of  starches,  these  must  be  cut  doi^^"^^ 
slowly  for  two  or  three  days  before  he  is  placed  on  the  standard  diet.     Am^y 
sudden  and  radical  change  from  one  diet  to  another  is  liable  to  induce  cohb- 
As  it  has  been  found  that  a  dog  must  fast  five  days  before  the  glycogen  of  Im 
liver  has  been  ali  used  up,  it  is  well  to  keep  the  diabetic  on  the  above  diet  f  * 
at  least  five  days ;  by  so  doing  it  practically  eliminates  the  possibility  that  ai 
sugar  excretion  at  the  end  of  that  time  is  derived  from  the  stored-up  gljcoj 
of  the  liver. 

"While  on  this  diet,  the  total  amount  of  urine  should  be  collected  for 
twenty-four  hours,  mixed,  measured,  and  the  sugar  determinations  made 
a  specimen  of  the  twenty-four-hour  amount.  The  reduction  in  the  sugar  excr*"' 
tion  is  often  verv  striking  in  the  first  twenty-four  hours.  If  the  patient 
comes  aglvcosuric  withiu  the  first  five  davs  the  čase  may  then  be  considered  ^ 
mild  form  of  tlie  diseasc,  and  it  is  then  desirablc  to  ascertain  how  much  starc^-*^ 
can  then  be  addod  to  his  diet  without  sugar  appearing  in  the  urine;  in  oth< 
words,  to  deterniine  his  tolerance  for  carbohvdrates.  This  is  probablj  h^- 
done  by  allo\vin<r  the  patient  a  weighed  quantity  of  plain  white  bread, 
contains  approximately  about  55  per  cent.  of  starch.  For  the  first  day 
grams  of  broad  niav  be  allowed.  If  sugar  fails  to  appear  in  the  urir3< 
anotlior  2.")  ^ranis  (a  little  less  than  §  i)  mav  be  added  to  the  next  day  bxm^ 
so  on  nntil  ^Ivcosnria  does  dovelop.  The  fonnula  for  the  tolerance  is  ^^ 
foll()Ws:     Tolerance  --  Standard  diet  +  x  grams  starch,  x  representing  tb^ 
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number  of  grams  of  starch  the  patient  can  take  without  augar  appearing  in 
the  urine. 

"If  the  patient  continuea  to  escrete  augar  after  being  on  the  atandard  diet 
ioT  Gve  daya,  it  indicates  that  he  ia  auffering  from  a  aevere  form  of  the  diaeaae. 
It  further  means  that  the  tolerance  for  carbohjdrates  ia  entirelj  deatrojed,  and 
fliat  the  augar  eliminated  in  the  uriue  is  mamifaetured  frora  his  tisaue-albumina, 
In  the  caaea  in  which  gljcosiiria  pemsts  after  the  patient  has  boen  on  the  non- 
carbobvdrate  diet  for  five  dava,  Naunyn  recommenda  that  a  'llunger  Tag,'  or 
niinger  da.y,  be  inatituted,  diiring  which  time  no  food  wbatever  ia  taken  for 
tweatj-four  boura.  In  a  certain  percentage  of  tbeae  cases  tlie  patietita  will  be- 
oome  aglvcoaiiric  aa  a  reaiilt  of  the  Btarvation-da_y.  NannjTi"«  reason  for  eatab- 
Ii«bing  u  hunger-day  ia  to  reniove  the  hvpergljcemia  even  thongh  it  be  for 
Oii]y  twenty-foiir  hoiira.  By  ao  doing  he  claima  that  the  tolerance  for  starches 
u  increased,  and  that  it  ia  then  posaible  to  give  amall  qnautities  of  atarch  with- 
OTit  givoosiiria  occiirring,  vvhicrb,  withont  the  hnngcr-da_v.  would  not  be  ware- 
»•oused.  The  inureaaed  tolerance  ia  believed  to  be  due  to  the  tiaaues  seeuring 
I  temporary  reat  from  augar  ft)miation.  The  writer'8  experienco  witb  the 
iunger-day  ia  that  it  ia  uaeleaa  to  adviae  it  if  the  percentage  of  augar  ia  0.5 
*■  ovor,  as  when  it  ia  tliat  high  the  sugar  rarely  entirely  disappears.  In  the 
Katmcnt  of  diabetica  it  ia  most  advisable  to  put  them  on  such  a  atandard  diet 
t  least  every  tliree  montba  in  order  that  their  tolerance  for  earbohydratea  may 
B  incrcaacd. 

*'The  fooda  the  diabetie  ahould  be  warned  againat  taking,  escepting  with 
**  j>eroii8Binn  of  the  phyaician,  are  aa  fo11ows:  Bread  of  aH  aorts,  wheaten, 
Po.  and  br(iwn ;  ali  farinaeeoua  preparations  sucb  aa  rice,  sago,  tapioca,  hominy, 
*nnliua,  arrow'-root,  and  vermioelli. 

"Thick  Boupa  are  to  be  avoided.  Among  meate,  liver  is  about  the  onlv  form 
'  tie  prohibited,  owing  to  the  glycogen  it  containa.  For  the  aame  reasim,  oya- 
•^s  are  aometimes  prohibited. 

"AH  st8rchy  vegetablea:  Potatoea,  turnipa,  parsnipa,  aqua8he3,  vegetable 
*iTow,  beeta,  corn,  peaa,  and  artichokea. 

"Beveragea:  Eeer,  the  aweet  winea  and  9weet  aerated  drinka.  These  are 
**5liided  owing  to  the  augar,  and  not  to  the  alcohol,  they  contain. 

"Fniita:  Orapea,  datea,  figa,  currants,  raisins,  dried  prunea  and  pluma,  and 

'Oer  dricd  fniits  rieh  in  augar,  ahould  be  forbidden.     Certain  fruita  anch  aa 

^^"ftchea,  apricots,  stewed  green  gooaeberries  may  be  permitted  in  mild  caaea. 

'**'*ie  Hiitboritiea  on  thia  diseiiae  are  inclined  to  be  rathcr  more  Jenient  in  regard 

»Tuits.     It  is  well  to  remeniber  that  levuloae  (fniit-augnr)  hna  been  ahown 

bc  tolerated  bettcr  hv  the  diabetie  patient  than  any  other  form  of  augar. 

*'Sugar  for  sivectcning  purposea  miiat  be  omitted.    Witbout  the  phy3iei8n'8 

r**^i88ion.  milk  rauat  not  be  taken. 

^     *'The   following   fooda   the   diabetie   niav   take  unconditionallv :      Soupa: 
"**»iilIon,  ox-tail,  and  turtle;  hrotha,  aoups  with  maiTow  and  eggs  pemiifted. 
iata:    Ali  the  must-nlar  part  of  the  ox,  calf,  alieep,  pig,  deer,  wild  and 
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domestic  birds — roast  or  boiled — wann  or  cold,  in  their  owii  gravy  or  in     & 
mayoniiaise  sauce. 

"Internal  parts  of  the  animals:  Tongue,  heart,  brain,  sweetbread8,  ki<i' 
nejs,  marrow-bones,  served  with  non-f arinaceous  sauces. 

^'Preserved  meats:  Dried  or  smoked  meat,  smoked  or  salt  tongue,  com©<3 
beef,  American  eanned  meats. 

"Fresh  fish:  AH  kinds  of  fresh  fish,  boiled  or  broiled,  prepared  withoixt 
bread  criists  or  cracker-meal  and  served  with  any  kind  of  non-f arinaceomsi 
sauce,  preferably  melted  butter. 

"Preserved  fish :  Dried  fish,  salt  or  smoked  fish  such  as  codfish,  haddock, 
herring,  mackerel,  flounders,  salmon,  sprats,  eels,  ete. ;  tinned  fish,  such  as  sar- 
dines  in  oil,  anchovies,  etc. ;  caviar. 

"Eggs :    Eaw  or  cooked  in  any  way,  but  without  any  mixture  of  flour. 

"Fresh  vegetables:  Green  lettuce,  cress,  spinach,  cucumbers,  onions,  a»- 
paragus,  cauliflower,  red  and  white  eabbage,  French  beans.  The  vegetables, 
as  far  as  they  are  suited  to  this  method  of  preparation,  are  best  cooked  with 
meat  or  a  solution  of  Liebig^s  Extract  and  salt,  with  plenty  of  butter.  Tbe 
addition  of  flour  is  not  permissible. 

"Preserved  vegetables:  Tinned  asparagus,  French  beans,  pickled  cucuni- 
bers,  mixcd  pickles,  sauerkraut,  and  olives. 

"Spices :  Salt,  white  and  black  pepper,  Cayenne  pepper,  curry,  cinnamon, 
cloves,  nutmeg,  English  mustard,  and  capers. 

"Cheese:  Neufchatel,  Edam,  Stracchino,  old  Camembert,  Gorgonzola,  a^" 
other  f  at  and  so-called  cream  cheeses. 

"Bcverages:  AH  kinds  of  natural  and  carbonated  waters,  either  clear  ^^ 
with  lemon  juice,  or  with  rum,  whi8key,  cognac,  and  cherry  brandy.  Lig*** 
Moselle  or  Rhine  wines,  claret,  dry  8herry,  or  Burgundy,  in  amounts  pJ"^ 
scribed  by  the  phvsician.  Coffee,  black  or  with  cream,  without  sugar  btJ* 
swectened  with  saccharin  if  desired.     Tea,  clear  or  with  cream  or  rum. 

**From  this  list  it  will  be  seen  that  the  number  of  articles  not  containin^ 
starcli  the  diabetic  may  chooso  from  is  quite  extensive,  and  permits  him  ^^ 
varv  hi  s  diet  from  time  to  time.  In  making  up  the  standard  diet  certaiJ^ 
articles  in  the  above  list  may  be  substituted  for  some  of  those  in  the  die^^ 
outlined. 

**Bread  is  the  article  of  diet  the  cutting  off  of  which  the  diabetic  tolerate^ 
least  well.     Sooner  or  later  a  craving  for  it  is  inevitable.     Various  substitutes 
have  from  time  to  time  been  put  on  the  market.     The  oldest  of  these  and  the 
one  in  most  extensive  use  is  gluten  bread  or  biscuits  made  from  gluten  flour, 
first  introduccd  bv  Bouchardat,  in  1841.     It  is  prepared  by  washing  away  the 
starch  from  wheat  flour.     The  text-books  on  cooking  give  recipes  for  making 
bread  and  biscuits  from  this  flour.     Many  firms  claim  to  make  pure  gluten 
flour.     Others  are  more  eonscientious,  and  state  the  percentage  of  starch  their 
various  preparations  contain.    It  is  easv  to  demonstrate  that  these  gluten  flours 
almost  without  exception  contain  starch,  by  adding  a  few  drops  of  LugoVs  solu- 
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tion.     A  blue,  or  even  black,  reaction  is  obtained,  according  to  the  amount 
of  starch  present. 

"Another  substitute  is  bread  or  biscuit  made  from  aleuronat  flour,  advo- 
cated  by  Ebstein  and  prepared  by  Dr.  Hundhausen  of  Hamra,  Westphalia, 
Germanj.  It  is  a  vegetable  albumin  prepared  by  a  special  process  from  wheat. 
It  contains  from  80  to  90  per  cent.  of  albumin  in  dry  substance  and  only  7 
per  cent.  of  carbohydrates.  In  making  bread  from  it,  a  considerable  percentage 
of  starch  had  to  be  added. 

"Flours  prepared  from  8oya  bean,  almonds,  cocoanuts,  and  Iceland  moss 
have  had  their  advocates  as  substitutes  for  wheat  flour.  The  writer's  experi- 
ence  has  been  limited  to  the  use  of  gluten  and  aleuronat  bread,  and  it  has  taught 
him  that  patients  eventually  tire  of  them  and  they  stili  crave  white  wheat 
bread.  Owing  to  the  expense  and  the  unreliability  of  most  gluten  flours,  the 
writer  has  given  up  their  use.  It  is  much  better  to  allow  a  diabetic  to  have 
daily  a  definite  weighed  quantity  of  white  bread,  the  starch  percentage  of  which 
we  know  to  be  about  55  per  cent.  It  is  well  to  have  the  bread  thoroughly 
toasted.  Well-toasted  graham  bread  may  be  used  as  a  substitute  with  advan- 
tage. 

"Starch,  in  the  form  of  potato,  is  thought  to  be  more  easily  assimilated 
than  wheat  starch,  and  the  comparatively  recent  work  of  Mosse  seems  to  bear 
this  out.  The  observations  at  the  Johns  Hopkins  Hospital  tend  to  confirm  this 
view.  Mosse  allowed  his  cases  1  to  1.5  kilos  (2  to  3  pounds)  of  potatoes  daily. 
He  says  that  there  is  a  marked  amelioration  of  ali  the  distressing  symptoms 
under  the  potato  treatment.  It  is  best  to  bake  the  potatoes.  Naunyn  does  not 
spcak  very  enthusia8tically  of  this  special  cure  in  his  last  edition.  He  thinks 
that,  when  benefits  result,  it  is  mainly  due  to  the  fact  that  the  diet  in  the  čase 
heretofore  has  not  been  properly  arranged  so  far  as  the  allowance  of  carbo- 
hvdrates  is  concemed.  Von  Noorden  recently  has  advocated  very  strongly  a 
specially  prepared  oatmeal,  and  has  claimed  remarkable  results  in  eliminating 
glycosuria. 

"In  mild  cases  of  diabetes  (those  who  have  become  aglycosuric  on  the 
standard  diet),  the  best  course  to  pursue  is  to  add  to  this  standard  diet  weighed 
quantities  of  well-toasted  white  bread,  the  amount  to  vary  with  the  tolerance 
of  the  individual.  Occasionally,  a  roast  potato  may  be  substituted  for  the 
bread.  In  these  cases  milk  is  especially  useful,  as  it  contains  only  between  4 
and  5  per  cent.  of  lactose,  which  is  very  well  assimilated  by  diabetics.  A  pint 
or  a  pint  and  a  half,  accordingly,  may  be  pennitted  dailv.  The  monotony  of 
the  standard  diet  may  be  from  time  to  tirne  relieved  by  making  substitutes  from 
the  list  of  unconditionally  allowable  foods  given  abovc. 

"In  the  severe  cases  (those  who  fail  to  become  aglvcosuric  on  the  standard 
diet)  it,  at  first  thought,  would  appear  that  tlie  addition  of  carbohydrates 
would  be  contra-indicated,  as  they  would  tend  to  increase  the  glvcosuria,  con- 
sidering  that  the  tolerance  is  mL  Experiencc,  however,  shows  that  these  do 
better,  and  are  more  likely  to  hold  their  weight,  if  given  very  moderatc  quanti- 
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ties  of  starchy  f ood.  The  danger  of  coma  is  increased  by  any  long  continuation 
of  an  exclusive  proteid-fat  diet. 

"In  both  forms,  a  retum  to  the  strict  diet,  in  order  to  increase  the  toler- 
ance, should  be  made  at  least  every  three  months  f or  a  period  of  ten  day8.  It 
is  desirable  at  shorter  intervals  in  the  severe  forms. 

"No  attempt  should  be  made  to  restriet  the  water  taken  by  the  diabetic.  No 
good  will  follow  by  doing  so,  as  the  thirst  and  polyuria  are  dependent  on  the 
hyperglycemia.  Harm,  on  the  other  hand,  is  likely  to  ensue,  as  the  increased 
thirst  causes  increased  mental  and  physical  distress.  ApoUinaris  and  seltzer 
water  may  be  allowed,  and  the  thirst  may  be  quenched  by  drinking  lemonade 
sweetened  with  saccharin  instead  of  sugar.  A  drink  made  by  dissolving  a 
dram  of  cream  of  tartar  in  a  pint  of  boiling  water  and  flavoring  with  lemon 
peel  and  saccharin,  and  then  cooling,  may  be  given  freely  for  the  same  purpose. 

"Alcohol,  in  the  form  of  whiskey,  cognac,  or  rum,  is  to  be  recommended,  as 
it  aids  fat  digestion,  and  tends  to  make  up  for  the  loss  in  heat  units  resulting 
f rom  the  cutting  oflF  of  carbohydrates.  One  gram  of  alcohol  by  its  combustion 
yields  7.0  calories. 

"Sawyer,  of  Cleveland,  claims  to  have  obtained  marked  benefit  in  diabetes 
by  sy8tematic  gastric  lavage." 

These  eases  of  pyogenic  infeetion  or  of  necrotic  processes  in  diabetics  try  the 
Boul  of  the  surgeon;  let  alone,  they  die;  operated  upon,  many  die  also,  and  yet  by 
skillful  management  many  can  be  saved  and  live  perhaps  in  comparative  comfort  for 
many  year8. 

To  State  a  paradox,  the  older  they  are  the  better  the  prognosis.  Toung  i>er8on8 
who  have  diabetes  and  surgical  complications  die  almost  invariably.  Persons  of  middle 
life  or  older,  diabetics,  have,  as  a  rule,  a  small  or  moderate  amount  of  sugar  in  the 
urine.  They  may  live  for  many  year8  and  even  have  serious  surgical  complications 
requiring  surgical  interference  and  operative  čare,  yet  survive.  Such  individuals 
have  been  known  to  live  for  many  year8. 

A  man  who  has  been  a  diabetic  patient  of  mine  since  1885,  and  who8e  brothers, 
four  in  number,  ali  had  diabetes,  and  whose  father  died  of  this  disease  at  the  age  of 
82  year8,  is  now  alive  at  the  age  of  80  year8,  in  fairly  good  health.  He  has  no  serious 
discomforts  of  any  sort.  During  these  year8  he  had  suffered  two  serious  fractures,  one 
an  intracapsukr  fracture  of  the  hip  joint,  one  a  fracture  of  the  shaft  of  the  humerus. 
Both  fractures  healed  quickly  and  without  complications. 

The  question  of  where  to  amputate  in  cases  of  diabetic  gangrene  of  the  foot 
is  one  not  always  easy  to  answer.  If  the  process  is  a  spreading  moist  gan- 
grene without  line  of  demarcation  and  is  associated  with  cellulitis  and  suppura- 
tion  of  pyogenic  origin,  amputation  should  be  done  through  the  lower  third  of 
the  thigh.  The  same  rule  applies  to  spreading  cases  of  septic  necrotic  cellulitis 
of  the  deep  structurcs  of  the  foot  not  associated  with  putrid  decomposition.  If 
one  or  more  toes  alone  are  involved  and  there  is  little  or  no  tendency  to  spread 
into  the  šole  or  dorsum  of  the  foot,  and  if  the  process  is  dry,  amputation  may 
be  done  at  any  level  where  free  bleeding  occun  in  cutting  into  the  limb.  This  is 
^  fairly  safe  rule,  but  reamputation  will  be  found  necc8sary  in  some  cases.    An 
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Esmareh  bandage  or  a  large  soft  riibber  tube  an  indi  or  more  in  diameter  maj 
be  looselv  applied  over  the  feiiioral  arteiv  and  quiek]y  tightened  if  neeessarj. 
Unlesa  free  bleediug  occurs  a  liiglier  level  miist  be  ehosen. 

Another  metbod  for  detpmiining  the  level  for  amputation  is  to  apply  an 
Esmareh  bandag^  to  the  linib  from  below  iipward,  tight  enongh  to  render  the 
limb  bloodless.  A  second  bandage  or  coiiatrietor  is  then  wo\ind  aboiit  the  linib 
at  its  jmiction  witb  tlic  triink,  eompreaaing  the  main  artery.  The  first  bandage 
is  removed  and  a  few  minntcs  later  the  gecond.  As  the  eireulation  returna,  the 
skin  becomes  suffuaed  with  a  dnep  red  bluah,  which  eKtenda  from  above  down- 
ward,  but  Btopa  wbere  the  liinb  ia  not  properlj  noiirished,  Amputation  should 
1»  done  weli  above  this  level. 

Ether  ia  the  general  anesthetic  of  choice,  thoiigh  gas  and  oxygen  maj  be 
usetl.  It  is  leas  likelv  to  be  followed  bj  eoma.  Seque8tration  anesthesia,  novo- 
eaiii  aud  adrenalin,  niaj  also  be  iiaed  to  great  advantage  in  thcae  casea. 

1  have  amputated  the  ihigh  by  this  method.  even  in  a  large  stout  man,  with  almost 
10  pain  and  no  shoi^k.  The  tefhnic  ia  as  follow8:  The  patient  maj  proper]y  re- 
ceive  a  hjpodermic  injeotion  of  morphin  one-half  hour  before  the  operation — in  a 
lap^e  adult  1/3  of  a  grain.  The  limb  to  be  amputated  is  held  vertici!l]y  for  aeveral 
"■inute«  (but  in  čase  of  gangrene  not  stroited)  in  order  to  free  it  from  blood,  as  far 
*s  possible.  An  Esmareh  bandage  or  large  aoft  rubber  tube  ia  then  applied  aa  a 
'oumigitct  at  Icaat  6  inohea  above  the  proposed  point  of  amputation.  It  muat  be 
•Ppli(^,  quiekly,  tightlj  and  aecuratelj  and  nmat  occlude  aH  the  vessels  in  the  first 
tam,  thua  closing  in9taiit]y  both  arterial  and  venous  circulation.     A  aeeond  ligatui 


)s  similarl;  applied  6 
O'  more  inches  in  leii^h 
»""nicalion  witli  tlie  ren 
■""Eht  for  and  freed-  It 
*•  C.  of  a  1  per  cent,  soluti 
P^easure,  8lowly  and  witl 

''°>ir»e,  be  aurrounded  by  ligature  to  accomplish  thi 
t  pecultar  blanehed  appearance.    After  waiting 


ineliea  below  the  first  one.  A  aeetion  of  the  limb  6 
thuH  rendered  bloodleaa  and  removed  from  vascular  com- 
nder  of  the  limb.  The  intemal  aaphenous  vein  is  then 
opened  or  divided.  With  a  larfte  glaas  ByrinKe  50-l(MMflO 
I  of  novocain  and  adrenalin  ia  injeeted  into  the  vein  under 
ome  force.  The  tip  of  the  ayrinKe  in  the  vein  must,  of 
The  aection  of  the  limb  takes 
few  minutes,  an  amputation  is 


<loMc-  in  ony  way  the  surgeon  prefer 

Thia  procedure  is  quite  different  from  ordinarj  local  anesthesia  and  more 
•iScient.  Amputation  of  tbe  tbigh  maj  be  done  with  aearRclj  any  pain.  I 
'■^ve  amputated  the  thigh  in  aeveral  easea  of  diabetic  gangrene  in  this  way, 
*'*-l»(iiit  anj  complaint  of  pain  except  a  aingle  exc!aniation  of  "Ouch"  when  the 
''■'atic  norve  waa  cnt,  and  withont  anj  notable  aigna  or  ajmptoma  of  ahocb,  and 
""^   reanlts  were  in  each  instance  good. 

It  might  be  we]l  to  rccord  my  experience  with  gangrene  of  the  toea  and 
'o^t  in  casea  of  presenile  gangrene  and  diabetie  gangrene  of  the  Iower  extremi- 
*"^a.  Iniprimia  amputation  of  the  lower  third  of  the  thigh  ia  fo]Iowed  bv 
pK>d  wonnd  hpaling  and  by  no  reeurrence.  Ampntationa  at  a  lower  level, 
tnougii  tbeoreticallv  good,  are  in  manv  casea  not  followed  hj  cure,  good  wound 
boaliiig  or  satisfaetorj  reaults.  In  the  lesa  favorable  cases,  gangrene  of  the 
<*'iinip  oeeurs  and  rearaputation  ia  npceaanrv ;  in  the  more  favorable  ones  the 
Mps  eitber  alough  or  heal  verj  slow]y.    In  aome  casea  the  patient  returna  with 


I 


182     KELATIONS   OF   MEDICAL  DISEASE   TO   SUItGEllY 

a  poorlv  nourished  stiimp,  which  is  ulcerated  and  painful;  he  is  unable 
wear  an  artificial  limb,  and  intolerable  pain  may  drive  him  to  seek  a  high 
amputation. 

OBESITY 

Persons  who  are  abnormally  f  at  are  not  good  surgical  risks.  Their  tissue^^ 
do  not  resist  infection  as  well  as  those  of  normally  nourished  individuals.  1«^^ 
order  to  do  a  given  operation,  the  ciit,  as  a  rule,  must  be  longer  and  dcepei"*- 
The  soft,  friable  tissnes  are  more  ea8ily  bniised  and  tom  by  retractors  an€:3 
other  instruments,  sutures  cut  through  readily,  etc.,  and  wound  healing  is  oftea:^ 
less  perfeet. 

Fat  necrosis  in  the  siibcutaneous  tissues  is  not  a  rare  accident.     Thea« 
difficulties  obtain  when  operating  on  ali  inordinately  fat  people.     But  muc^^ 
more  serious  dangers  may  exi8t  than  these.     Among  the  obese  of  middle  lif  c 
or  advanced  age,  a  number  of  serions  organic  weaknesses  are  prono  to  developj 
anemia,  bronchitis,  mechanical  interference  with  action  of  the  heart,  fat  infiltra-- 
tion  and  weakncss  of  the  heart  muscles,  arterioselerosis,  often  of  the  coronaT"? 
arteries.     These  changes  in  their  advanced  stages  produce  cardiac  a8thxix^' 
anginal  attacks,  cerebral  hemorrhage.     Among  other  conditions  often  observ^^ 
in  these  cases  are  hemia,  glycosuria,  albimiinuria,  edema  and  general  muscul^-^ 
weakness. 

Therefore,  only  necessary  operations  are  to  be  done  on  the  very  stout  ^' 
the  patient  is  plethoric,  i.  e.  fnll-blooded,  with  the  normal  number  of  red  c^l^  *^ 
and  hemoglobin,  the  prognosis  is  better  than  in  the  anemic  type  of  obesitv. 

There  is  one  common  group  of  cases,  however,  where  it  is  better  and  safexr  '•^ 
operate  than  not.  I  refer  to  the  large  irreducible  hemise  of  fat  women,  wh^'^^ 
the  viscera  cannot  be  permanently  retained  within  the  abdomen  by  bel'*^^* 
binders,  corsets,  and  trusses.  In  deciding  for  or  against  operation  in  these  csl^^ 
the  surgeon  must  8tudy  the  general  and  local  conditions  with  čare.  In  neglect;^^ 
cases  the  tumor  may  be  so  large  that  replaccment  may  be  impossible.  In  th^^^' 
if  the  contents  of  the  sac  consist  largely  of  intestine,  it  is  wiser  to  forbear.  T  ■* 
on  the  other  hand,  large  masses  of  omentum  are  recognized,  they  may 
resected,  thus  making  more  room  for  the  bowel.  Such  resections  of  large  m 
of  omentum  are  not  devoid  of  risk  and  must  be  made  with  great  čare.  ( 
chapters  on  Ilernia.) 

Whcn  wisely  selected  these  cases  do  well.  Unoperated,  the  danger  ^ 
strangulation  is  great,  and  the  mortality  following  operations  for  8trangi:i'^' 
tion  is  very  high. 

BIOKETS 

Inasmuch  as  the  disease  is  rarclv  seen  in  its  active  stages  after  the  age  ^* 
three  vears,  the  surgeon  is  intcrested  in  treating  the  resulting  deformities  rathe^ 
than  the  disease  itself. 
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The  causes  of  death  during  the  active  stages  of  the  disease  are,  most  com- 
monlj,  bronehitis,  bronchopneumonia,  convulsions  and  larjngismus  stridulus. 
The  disease  is  very  amenable  to  treatment  by  diet,  i.  e.,  by  cutting  down  carbo- 
hjdrates  and  inereasing  the  fats.  If  cream  is  not  obtainable,  cod  liver  oil  may 
be  given.  During  the  treatment  the  child  must  not  be  allowed.  on  its  f eet  until 
marked  improvement  occurs,  usually  for  several  months.  Phosphorus  is  be- 
lieved  to  be  useful  if  well  borne,  and  bathing  and  general  massage  help  the 
general  health. 

SOUEVY 

Scurvy  occurs  when,  under  unfavorable  hjgienic  conditions,  chiefly  cold 
and  wet,  persons  are  obliged  to  live  on  a  dietary  wanting  in  fresh  vegetables, 
or  their  equivalent,  and  fresh  meat.  The  alkalinity  of  the  blood  is  diminished. 
Whether  the  disease  is  caused  by  this  alone,  or  whether  an  added  infection 
through  the  mouth  is  necessary,  is  not  definitely  determined. 

As  is  generally  known,  one  of  the  most  notable  characters  of  the  disease  is 
a  marked  tendency  to  hemorrhages  into  tissues  and  organs  and  from  mucous 
surfaces. 

When  death  occurs  in  scurvy,  it  may  occur  from  bleeding — either  extemal  from 
an  ulcer,  or  intemal  from  the  mouth  or  nese — ^from  heart  failure,  gangrene  of  the 
lung,  or  a  putrid  bronehitis  associated  with  a  bloody  effusion  into  the  pleural  sac. 

It  is  to  be  borne  in  mind  that  the  subcutaneous  and  subperiosteal  hemorrhages 
may  occur  without  trauma.  This  fact  may  be  of  medico-legal  importance,  more  espe- 
cially  when  we  recall  that  the  crew8  of  merchant  ships,  even  to-day,  sometimes  develop 
8curvy. 

This  alone  would  render  a  scorbutic  individual  a  bad  surgical  risk ;  but  to 
this  must  be  added  a  general  depression  of  ali  the  vital  forces  and  marked 
anemia,  so  that,  if  it  is  possible  to  avoid  it,  no  surgical  operation  should  be 
attempted  until  the  individual  has  been  improved  by  a  suitable  diet  and  warm 
dry  surroundings.  Even  under  favorable  conditions  it  will  be  weeks  and 
months  before  the  patient  regains  his  normal  health  and  strength. 

Most  important  in  the  treatment  of  scurvy  is  a  diet  containing  abundance 
of  fresh  vegetable  food.  In  addition,  among  the  articles  believed  to  be  most 
useful  are  fresh  Ume  and  lemon  juice.  Among  preserved  vegetables  sauer- 
kraut  is  excellent.  Infusion  of  malt  is  of  valuo.  Fresh  meat  and  meat  juice 
and  fresh  milk  in  liberal  doses  are  ali  anti-scorbutic. 

Drugs  are  of  less  value.  Iron  may  be  given  for  the  anemia  and  a  bitter 
tonic,  such  as  quinin,  for  the  appetite.     Diarrhea  mav  require  treatment 

Astringent  and  antiseptic  mouth  washes  should  be  given  at  frequent  inter- 
vals :  Potassium  permanganate  solution,  clilorate  of  potassium,  DobelPs  mouth 
wa8h,  etc.  Ulcers,  if  they  exist,  demand  antiseptic  and  stimulating  treatment, 
such  as  balsam  of  Peru,  etc,  with  protection  and  support.  Intravenous  isjeo- 
tions  of  horse  serum  may  be  given,  if  available,  for  hemorrhages. 
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AOUTE   POLYABTIOnLAB  BHEUKATISM 

Although  a  form  of  streptococcus  has  been  demonstrated  in  the  joint  exu- 
dates  of  acute  articular  rheumatism,  yet,  as  a  matter  of  experience,  such  joints 
rarely  require  surgical  interference.  Complete  restoration  of  function  is  the 
rule  upon  recoverv. 

If  the  joint  inflammation  is  very  severe  and  resists  the  ordinarj  means  of 
treatment,  a  needle  niay  be  introduced,  and  if  the  exudate  is  found  to  be  puru- 
lent,  containing  pyogenic  cocci,  the  joint  should  be  opened,  washed  out  with  a 
mild  antiseptic — e.  g.,  carbolic  acid  1-60  or  a  weak  solution  of  formaldehyd 
solution — drained  for  a  few  days  and  inunobilized  until  the  joint  cavitj  re- 
mains  drj. 

OOUT 

# 
The  relations  of  gont  to  surgery  are  of  two  kinds : 

1.  If  a  gouty  tophus  breaks  down  and  suppurates,  it  should  be  incised 
and  curetted,  or  excised,  thus  sparing  the  patient  the  formation  of  a  chronic 
sinus.  If  a  tophus  becomes  un8ightly  or  from  its  size  and  situation  interferes 
with  motion  or  eauses  pressure  symptoms,  or  is  itself  pressed  upon  by  the  shoe, 
it  may  be  removed. 

2.  Persons  with  chronic  gout  are  often  obese,  they  often  develop  chronic 
interstitial  nephritis,  with  arteriosclerosis,  they  niay  develop  a  dilated  heart 
muscle  or  coronary  disease,  and  they  sometimes  have  glycosuria.  They  are, 
therefore,  to  be  regarded  in  niany  instances  as  extra-hazardous  surgical  risks. 
Accordingly,  patients  who  have  gout  should  be  carefully  examined  with  the 
above  f acts  in  mind  before  they  are  subjected  to  an  operation  of  expediency. 

POISONma  BY  BIOHLOBID   OF  MEBOUBT 

Acute  poisoning  by  mercurial  bichlorid  has  within  the  past  year  acquired 
a  fleeting  interest  for  surgeons  on  account  of  certain  accidental  fatal  poison- 
ings  and,  later,  attempts  at  suicide,  owing  to  the  publicity  afforded  these  acci- 
dents  by  the  press.  Bichlorid  of  mercury  tablets  are  easily  purchased,  and  they 
are  to  be  found  in  almost  every  household,  for  the  treatment  of  wounds,  for 
bed  bugs,  or  for  less  obvious  reasons. 

Some  years  ago,  Edebohls  proposed  and  carried  out  a  procedure  in  cases 
of  chronic  interstitial  nephritis,  based  upon  the  assumption  that  the  kidney 
underwent  degeneration  and  loss  of  function  on  account  of  undue  tension  of  its 
fibrous  capsule.  ITe  cut  down  upon  the  kidney,  split  and  stripped  the  capsule 
from  the  organ,  and  alleged  that  such  cases  were  improved  by  the  operation. 
We  are  not  here  concerned  with  this  contention  whether  justified  by  results 
or  not 


IPHOSPHORUS    POISONING 


In  aciite  poisoning  by  mertiiiric  bichlorid  the  patieut  iinmediatelj  sufFers 
Srom  abi]nminal  pain,  naiisea,  voiniting  and  diarrhea.  The  passages  from  the 
lsowel  are  often  b!ood_v,  The  historv  of  theso  patieiita  ia,  however,  peculiar. 
After  two  or  tliree  dava  the  aciito  simptoma  of  gastrn-inteatiual  irritation  sub- 
side  U>  some  extent  and  the_y  befoiue  qiiite  comfortable.  Thej  mav  look  well, 
Init  thev  pasa  no  urine.  The  kidnejs  have  ceased  to  functionate.  The  catheter 
withdraws  merel_y  a  dram  or  two  of  tnrbid  or  bloody  fluid  from  the  bladder. 
Patients  nia_y  live  for  a  niiniber  of  days,  and,  iiutil  tbey  become  coniatose  from 
Oremic  poisoniiig,  suffer  bnt  littlo.  They  are  rational  and  look  so  wcll  that  it 
18  liard  to  realize  that  tbey  aro  doomod  to  spood/  death. 

On  Januarj  2,  1914,  I  8aw  one  of  theae  cases — a  man,  apred  60.  On  accoimt  of 
Business  troublca,  threatening  bankruptcy,  he  became  deaperote.  He  took  into  his 
umutli,  ohcwed  up,  and  BwuUowpd  5  of  the  ordinary  7'/2  (frain  bichlorid  of  inercury 
Idljletg.  Some  aciite  Bjmptoms  followcx) ;  nciite  abiiominal  pain,  unusea,  vomiting  and 
icrul  distreas.  I  wa8  called  to  eee  him  3  duya  after  lie  hud  8wuIlowe(i  th»  pnison.  He 
lad  in  the  ineaiitime  changcd  his  mind.  The  presenco  of  bis  wife  and  childfen,  nad 
of  »luinnrouB  ajrniputhetic  friends,  and  the  atteiition  he  rereived  in  the  hoapital  changed 
point  of  Tiow.  He  waa  just  as  anxious  to  live  aa  he  had  been  to  die.  He  appeared 
qiaito  Donual  He  wa8  a  large,  plethoric.  health^-lonkiiig  man,  a  tem[ierate.  aune, 
iiit«dligent  Hebrew.  His  faee  wa8  fliiebed,  hia  eyea  bright.  and  he  had  a  rapid  higli- 
ler^sion  pulae.  It  was  hard  to  realize  that  this  man  eo  normal  in  appearance  was  to 
fc^    in  a  short  tirne.    I  wafl  induiied  against  my  judgmenl  to  operate, 

I  expr>sed  his  kidneya  and  sptit  and  atripped  their  fibroua  capaulea.  Neither  kid- 
nea^  TUB  enlarged,  nor  did  the  parenchyma  appear  to  be  nnder  any  tenaion.  The  left 
ki<l*iej  wa8  dark  red  in  eolor  and  the  cortes  bled  freely,  the  capsnle  wfls  ndherent, 
THe  right  kidney  wa8  of  nomml  aize  and  softer  than  normal.  The  capaiile  stripped 
eiLsilf.  The  whole  kidni.?  was  pale  in  color.  Scattered  over  the  surface  of  the  cortex 
"PTe  numerouB  areas,  large  and  amall,  of  a  yellowi8h  white  color.  These  appeared  to 
be  arcas  of  neerosis.  The  wounds  were  closed,  The  patient  paBsed  no  more  urine 
snd  died  comatoae  the  following  day.  The  operation  waa  qiiite  fnlile,  and  I  shall 
never  repeat  it.  I  believe  operation  ia  contra-indicated  in  theac  eaaea.  The  miero- 
•copic  csaminatioD  of  these  kidnejs  Bhowed  total  neerosis  of  the  entire  parenchTma. 


PHOSFHORUS   FOISONINO 

Anito  poiaoning  bv  p!ins]>bonis  Ima  no  mirgiral  jntcreat.  Chronic  poison- 
'"?  ny  ihis  element  possessea  only  aii  historical  interest  in  America,  and  is  a 
P**i^Iy  occnpational  accident. 

In  fomier  jears  wbile  wliite  phoBphonia  waa  used  extensively  in  the  mano* 
'^nj  of  matchcs,  anch  poiaoning  wa9  oomnion  among  tbose  who  were  daily 
**p08ed  to  Ibe  fnmea  of  thia  element.  The  leaions  produced  were  inflammation 
tliegums  followed  by  projiressive  necroaia  of  the  jaw,  iiaually  the  ]ower  jaw. 
"ctooth  ■wns  firat  involved;  toothache  of  a  aevere  pbaraetcr  was  folIowed  by 
"^  Kttraction  of  the  t(xith  and  tlie  eacape  of  fetid  pna  frt>m  the  tooth  aocket, 
"llctMi  iipon  tbe  firat  aign  of  irritation  the  individual  wa8  removed  from  danger ; 
"TO  foUowed  progrcBsive  and  ra]>id  necroaia  of  the  jaw.     In  some  cases  tb« 
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|M^HV!»!«  in\\^l\tHl  totiil  necrotii  of  tho  l(>\vor  jaw,  and  these  unfortiinates  became 
iu\UH»U!ilN  \Uslimir^\l  and  on  ai\H>\int  of  tho  horrible  fetor  were  disgusting  ob- 
jivfH,     rUo  \\^n\lition  is  ran^  in  Uiis  vioinitv.    I  have  never  seen  a  čase  of  this 


TUBEROULOaiS 

.VUlunu<x  A>*nxV6«  ovvrv  str«otuw  in  the  bodv  the  seat  of  tubercnlosis  has 
Kvn  iho  x^lv^v^  ot'  si^nriiioal  attaok  and  altliongli  a  lai^  pereentage  of  surgical 
^^Ivrni^NV.s  Art*  :or  ^ho  onT\*  of  this  di:?oaA\  tliore  is  one  aspect  of  the  snbject 
\\hu*V«  A*x\s>^  o,o:v.AV,v:s  js^^rious  ivnsidoration  on  the  pari  of  the  snrgeon«  namelv, 
|W  \;\^>>r,x^v,  o:  a  >ut^*oaI  ojvmtion  in  tho  presence  of  tubercnlosis  of  the  lungs. 

The  x\^:^v.:^^:;  v,',a\  vu*iv.and  o|vration  np^Mi  the  pleurt  or  the  lung  itself,  as 
u^  r,:W^*v, N"V,>  cr.,j*x^-v.A  **.;**  p\opnonmothomaL  Opentions  have  also  been 
x$.\*,H^  *^:;  <*v  x->^s5  >*aV,  :^^  j^v,t  tho  disojiAM  lune  at  n?st  acd  to  obliterate  dead 
5i.*,\A.»v  *v.,*  v.;xv.:  :bo  >/.:.i  ::>^^-t.  A-I  tho«»  ivnditions  receive  dne  consideration 
\v,  .vi:5*vr  ;\*r^>  *^:  :^'.>  >fcvri.  Wo  aro  ht"*Tv  iX>iH>fnaed  with  mMlincaticns  in  treat- 
v,:ov,^  x*K*^.  ^^  A^v  ,*C..;i^\i  TO  .i*"*  *r,v  j^^rious  <«pH«ticii  npcn  a  snbject  of  lung 

V\>^  ;\*  ■^e*:':*  Jl'^*  rvx*rvr  5^,:t^.v-4'  risks^  tise  rao*ip  »rele  azid  ertensiTe  the 
\v?\v»«s  1 :  '>v'  .'c^^r^i^^.^cr,  c*r.  r^  ^jix\\i,  i?  it^t  Kp  ^^  lo  pmede  it  bv  a 
^  ^v,--  r  i  nv  -<  S^  •v*'.:'^.  dL  55rio?>  o!:::'x\:-S.x>c  Mre*  »xJ  fiwi  and  the  best 
,^:  >.^i-t^r  v  N-.:'r*,'iv.-?'.'.VT^>.     rirjf  VvM*  rc\vnw»5  ria^  tti»  W  ispioved  and  the 

V  XV- X  .rj.-iv.^T^T:  >.-i:r:  :<  :itf  ^-jiv^i.^ii  vrt  »^  uiKQxt>CL  A  k>nil  anes- 
iK^=  v  sJv'«*  '.    .V  ^.^j*;*::  ^Jtfc  rv>*5s>.V.     N.-v.v^iir  j::«*  jfi^vn.t'^  i?  tie  bes«  com- 

>x  Jv  s.t  \>i.      V  ^:  ifti   Sr  i-^\*r.  >;w    ;c>f  >i'.V«»i  ix  :':5  Tar*  sme  it  is  at  best 
.r^^  N^^ivv'-    •  r   Ni!   ^i^^.f:   i.":-,  i.-rtfsci:««.,^ .  >«r;  :*  i^  !ssi5er  ^;ftx  ether  or 

,-*>i,'..  IV w.   >   o*  Mn'  '%■     i:'v-'      .^^x7^.>o>  iiii  i  ?*af!xcv  /C  atTSRtkr  iM 
w   .^v  *-^    *:>.  •'.."■?>.     V  rs.T.T*!"  Sf  Tv  f.^rv^K*«  rgiTCKiafi  lOva  ^  practi- 

.iin..'         '»^.i    M-    s  •■:  ^."v^"'*    r»j:  T  "T-.iTs-  ;jd£  s3si  /jfk^srl  aamc^MŽa«  al- 
:i»>iv'   ■•^<»'  ■  •     :■-  ^'   •:•::•? '"'^s.v-^c:  ^'TJ  Tf*.!!«^«?^  j«' i  amoL -fC  Jirae  €Speri- 

oivv  • "?'.     ^  ^  '^^      -•  :^   1  -':v   -"^ma-^^  TI-**'*  MT^itgis  Vt  iDMt  2r  ncud  to 

■C -A  >*.:>. -s.;-    vt^     »T-  ■     *i     ."?<■.     t*'.  ■•     :^■,      \"^-^  :•.".?    ^iiSrr     *nc  a 
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suffer  very  much  when  the  operation  involves  a  rather  deep  dissection  and  when  the 
anesthetic  is  injected  into  the  skin  and  superficial  parts  only.  See,  howeyer,  the  dis- 
eussion  of  sequestration  anesthesia,  iinder  Diabetic  Gangrene,  page  174;  also  Chapter 
on  Anesthesia,  Vol.  I. 


PAET  n 

James  H.  Kenton 

DISEASES   OF  THE   DIOESTIVE   SYSTEM 

Diseasefl  of  the  Houth. — Ali  the  various  fonns  of  stomatitis  increase  the 
danger  of  inhalation  pneumonia  if  a  general  anesthetic  is  given,  and  if  the 
operation  is  in  the  region  of  the  mouth  or  pharynx  the  danger  of  a  wound  in- 
fection  is  increased.  Thnish  absolutely  contra-indicates  operation  for  harelip 
or  cleft  palate,  as  it  prevents  union  of  the  flaps. 

The  local  condition  should  be  cured  by  local  and  constitutional  treatment, 
if  possible,  before  operating.  If  tirne  is  not  available  for  this,  emploj  a  general 
anesthetic  with  special  attention  to  thorough  disinfection  of  the  local  condition, 
both  at  the  tirne  of  operation  and  8ub8equently. 

Diseases  of  the  Fharynx. 

(»)     ACUTE  AND  CHRONIC  PHARTNGITIS. 

(b)  ULCERATION  OF  THE  PHARYNX. — The  same  precautions  as  detailed 
under  diseases  of  the  mouth  should  be  applied  here. 

(c)  ACUTE  IKPECTIOUS  PHLEGMON. 

(d)  EETBOPHARTNGEAL  ABSCES8. — This  condition  requires  only  local  or 
nitrous  oxid  anesthesia,  never  sufficiently  deep  to  abolish  the  coughing  reflex, 
the  chief  aim  being  to  prevent  aspiration  of  the  infectious  material  into  the 
larynx. 

In  children  no  anesthetic  is  necessary.  As  soon  as  the  opening  is  made  in 
the  abscess  cavity,  the  patient  should  be  quickly  turned  face  downward  to  facili- 
tate  the  escape  of  the  pus  and  to  prevent  its  entrance  into  the  larynx.  In  many 
cases  the  Rose  position  with  the  head  lowered  is  useful. 

(e)  ANGINA  LUDOVICI. — As  tliese  cases  often  develop  intense  dyspnea, 
preparations  for  intubation  or  tracheotomy  should  always  be  made,  not  only 
previous  to  the  operation,  but  the  tracheotomy  set  should  always  be  at  hand  for 
some  day8  during  the  postoperative  treatment. 

Diseases  of  the  Tonsils. — Any  obstruction  to  respiration  from  enlarged  ton- 
sils  may  be  overcome  by  the  use  of  a  nasal  tube  to  the  posterior  pharynx,  the 
ether  vapor  being  blown  through  this  tube.  Or  the  regular  mask  or  inhaler  may 
be  employed  if  a  free  airway  is  provided  by  passing  a  fenestrated  rubber  tube 
through  one  or  both  nostrils,  or  a  somewhat  larger  tube  through  the  mouth  to 
the  level  of  the  epiglottis.  A  flat  metal  tube  with  a  curve  to  fit  the  roof  of  the 
mouth,  the  inner  end  extending  to  just  below  the  base  of  the  tongue,  the 
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outer  end  provided  with  a  flange  which  rests  against  the  lips,  has  been  con- 
structed  for  the  purpose. 

Ali  the  above-mentioned  diseases  contra-indicate  operation  on  any  other  part 
of  the  body,  except  that  of  an  emergeney,  as  the  patient's  reparative  powers  are 
lowered  and  the  danger  of  complications  increased. 

Diseases  of  the  Esophagus. — Diseases  of  the  esophagus  result  in  such  an  im- 
pairment  of  nutrition  that  the  patient  is  not  a  good  subjeet  for  opcrative  pro- 
cedure. The  local  condition  should  be  dealt  with  first  and  some  means  insti- 
tuted  to  iniprove  the  general  condition.  If  the  patient  is  suffering  from  malnu- 
trition  directly  attributable  to  the  inability  to  obtain  sufficient  nourishment,  a 
preliminary  gastrostomy  with  subsequent  feeding  through  the  tube  will  do  much 
to  improve  the  general  condition  if  tirne  permits. 

Any  retained  secretions  or  material  in  the  dilated  esophagus  or  its  diver- 
ticula  should  be  carefully  washed  out  before  giving  any  general  anesthetic,  in 
order  that  this  material  may  not  escape  into  the  pharynx  and  add  to  the  risks 
of  an  inhalation  pneimionia.  For  this  reason  intratracheal  anesthesia  should 
be  chosen. 

Diseases  of  the  Stomach. — Each  of  these  diseases  will  demand  individual 
treatment  both  before  and  after  any  operation  that  is  undertaken. 

In  aH  cases  except  those  of  a  suspected  perf oration  of  the  stomach  or  duode- 
num,  or  hemorrhage,  the  stomach  should  be  thoroughly  washed  before  adminis- 
tering  the  anesthetic.  One  should  shorten  as  much  as  possible  the  tirne  of 
operation  and  the  amount  of  ether  used. 

The  postoperative  position  of  a  semi-sitting  posture  favors  gastric  drainage 
and  lessens  voraiting.  Absolute  failure  of  gastric  digestion  or  assimilation, 
or  persistent  voniiting,  may  necessitate  feeding  through  a  jejunostomy. 

Diseases  of  the  Intestine. — Diseases  of  the  intestine  associated  with  diar- 
rhea,  from  their  general  weakening  eflFect  on  the  patient,  make  it  neces8ary  to 
shorten,  as  much  as  possible,  any  operation  which  is  required.  Light  ether 
anesthesia  and  as  little  manipulation  of  the  tissue  as  possible  are  indicated. 

Enteroptosis. — ^While  this  condition  does  not  in  any  way  contra-indicate 
operation  upon  any  part  of  the  body  for  other  disease,  attempted  operative  re- 
lief of  the  relaxed  structures  themselves  is  seldom  attended  with  great  success. 

Diseases  of  the  Liver. — Jaundice  from  any  cause,  particularly  with  fever, 
renders  the  patient  less  able  to  stand  the  shock  of  an  operation  and  more  liable 
to  bleed.  The  coagulation  tirne  is  retarded  from  8  to  10  minutes.  For  this 
reason,  when  it  can  be  done,  some  preliminary  treatment  to  increase  the  clotting 
power  of  the  blood  should  be  employed  before  operating. 

In  ali  diseases  of  the  liver  the  duration  of  the  operation  should  be  as  short 
as  possible,  and  particular  čare  taken  to  control  aH  bleeding  points  and  sur- 
faces,  either  with  ligature,  suture  or  firm  packing.  Local  anesthesia,  if  possible, 
or  nitrous  oxid  and  oxygen  or  a  very  light  ether  anesthesia  is  most  desirable. 

Diseases  of  the  Fancreas. — Acute  hemorrhagic  pancreatitis  does  not  present 
a  favorable  condition  for  any  anesthetic,  but  an  operation  is  alway8  indicated. 
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The  rapid,  feeble  heart  should  be  steadied  with  the  proper  medication  or  a 
hjpodermoclvsis.  The  stomach,  which  is  verv  apt  to  dilate  q\iickly,  should  be 
wa8hed  out  before  starting  the  anesthetic  It  is  often  advisable  to  leave  the 
stomach  tube  in  plaoe  throughout  the  operation. 

Light  ether  or  gas  oxYgen  anesthesia  should  be  chosen,  if  possible.  In  some 
cases  local  injections  of  novocain  maj  be  sufficient 

IKseases  of  fhe  FeritoneuiiL — Acute  general  peritonitis  demands  the  short- 
est  possible  operation  and  the  least  possible  manipulation.  The  anesthetic  may 
be  local,  gas  ozjgen  or  light  ether. 


DISEASES   OF  THE  SESPIRATOBY  SYSTEM 

CoTjtA  and  Chronic  Catarrh. — The  conditions  should  have,  if  possible,  some 
preliminary  treatment  before  a  general  anesthetic  is  given.  If  this  cannot  be 
done. the  excessive  secretion  may  be  controlled  by  morphin  and  atropin.  One 
should  use  a  local  anesthetic  if  possible,  or  ether  and  oil  by  rectum  may  be 
used.  Theoretically,  any  of  the  anesthetics  commonly  used  would  be  better 
than  ether  in  that  they  produce  less  inflammatorj'  reaction  of  the  mucous  mem- 
brane and  less  secretion,  but,  practically,  ether  may  be  safely  used  in  many 

IKseases  of  the  Larynx. — Diseases  of  the  larynx  render  the  administration 
of  a  general  anesthetic  inadvisable,  in  that  they  are  apt  to  be  complicated  by 
acute  edema  of  the  lar5Tix  and  obstruetion,  or  are  followed  by  a  postoperative 
pneumonia.  Intratracheal  insufflation,  ether  and  oil  by  rectum,  or  perhaps 
tracheotomy  would  be  indicated. 

Diseases  of  the  Bronchi. — Diseases  of  the  bronchi  render  anesthesia  by  any 
inhalation  method  undesirable.  Either  ga8-oxvgen,  ethyl  chlorid  or  chloroform 
should  be  chosen  if  the  need  of  a  general  anesthetic  is  imperative.  Otherwise 
a  local  anesthetic  is  better. 

Diseases  of  the  Lnng. 

A.  PNEUMONIA. — ^Pneumonia  contra-indicates  ali  operations,  except  some- 
thing  of  a  very  urgent  nature,  in  which  čase  nothing  but  local  anesthesia  should 
be  used. 

B.  EMPHTSEMA. — Local  anesthesia  or  the  inhalation  of  ethyl  chlorid  is 
taken  very  well  by  these  patients.  The  latter  should  be  chosen  in  preferenco  to 
ether  or  gas. 

C.  OANGBENE  OF  THE  LUNO. 

D.  AB8CESS  OF  THE  LUN  G. — In  these  cases  local  anesthetics  or  ethyl 
chlorid  may  be  used.  Chloroform  is  thcoreticallv  better  in  some  respects,  but  it 
has  many  drawbacks  and  added  dangers.  Ordinarv  ether  anesthesia  may  be 
used.  To  prevent  too  much  pnlmonarv  enibarrassment  \vhen  the  pleural  cavity 
is  opened,  intratracheal  insufflation  should  l)e  emploved. 

IMseaaes  of  tb^  Fleura. — The  prescnce  of  anv  considerable  amount  of  fluid 
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in  the  pleural  cavitj  embarrasses  respiration,  particularly  if  the  patient  lies  on 
the  sound  side.  As  an  anesthetic,  ethyl  chlorid  inhalation,  nitroUs  oxid,  or  a 
light  ether  may  be  employed.  Local  anesthesia  with  novocain  will  be  sufficient 
in  many  cases,  even  for  resection  of  a  rib.  If  a  large  amount  of  fluid 
is  present  and  the  patient's  general  condition  is  poor,  a  large  dressing  should- 
be  quickly  applied;  or,  better,  a  rubber  tube  which  snugly  fits  the  opening 
in  the  chest  wall  and  extends  below  the  level  of  storile  fluid  in  a  bottle 
placed  on  the  floor  may  be  used.  The  object  is  to  prevent  a  sudden  ehange  of 
intrathoracic  pressure  from  too  rapid  an  escape  of  the  pleural  contents,  and 
also,  in  the  latter  čase,  to  prevent  a  pneumothorax.  For  a  detailed  description 
of  this  method  see  chapter  on  "Aspiration  and  Aspirating  Devices  in  Operative 
Surgery." 

When  operating  upon  any  other  strueture,  in  cases  with  much  dyspnea 
from  a  considerable  amount  of  fluid  in  the  pleural  cavity,  great  relief  may 
be  obtained  by  a  preliminary  aspiration  of  the  fluid.  After  this  has  been 
done,  if  the  dyspnea  is  less  or  has  disappeared,  a  general  anesthetic  could 
be  given,  but  in  those  cases  in  which  a  local  anesthetic  is  possible  it  should  be 
chosen. 

Pneumothorax,  hydropneumothorax,  and  pyopneumothorax  are  best  oper- 
ated  upon  with  local  anesthesia  or  with  ethyl  chlorid  inhalation  or  nitrous 
oxid-oxygen.  The  use  of  the  above-mentioned  long  tube  which  makes  an  air- 
tight  fit  with  the  opening  in  the  chest  wall  and  terminates  below  the  level  of 
storile  fluid  in  a  bottle  fumishes  a  water  trap  check  valve  which  permits  the 
escape  of  air  and  fluid,  but  prevents  the  entrance  of  air  into  the  pleural  cavity. 
The  preliminary  treatment  in  these  conditions  should  be  directed  toward  reliev- 
ing  the  embarrassed  respiration. 

Affections  of  the  Hediastinum. — Affections  of  the  mediastinum  require  in- 
tratracheal  anesthesia  or  a  cabinet  for  diflFerential  pressure. 


DISEASES  OF  THE  OmOULATOBV  SYSTEM 

Flastic  Pcricarditis. — Plastic  pericarditis  generally  contra-indicates  opera- 
tion  only  in  so  far  as  the  disease  to  which  it  is  secondary  contra-indicates  or 
modifies  the  surgical  procedure,  as,  for  example,  rheumatism,  gout,  tubercu- 
losis,  septic  processes,  chronic  nephritis,  etc. 

Pericarditis  with  Effusion. — This  is  a  much  more  serious  condition  and 
contra-indicates  operation,  except  that  required  for  its  own  treatment.  The 
anesthetic  should  be  local,  light  ether,  gas-oxygen,  or  ethyl  chlorid. 

Diseases  of  the  Heart. 

ACUTE  ENDOCARDITIS. — Acute  endocarditis  contra-indicates  operation. 

CHRONIC   ENDOCARDITIS. 

CHRONIC  VALVULAR  DISEASE. — Cases  of  the  last  two  mentioned  diseases 
generally  stand  operation  with  a  general  anesthetic  very  well,  providod  there  is 
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good  compensation.  Light  ether  anesthesia  with  particular  regard  to  the  vary- 
ing  degrees  of  cyanosis,  pulse  rate,  and  blood  pressure  is  very  satisfactorj. 

HYPEBTBOPHY  AND  DILATATION  with  poor  compensation  render  any  oper- 
ation  very  dangerous.  Cardiac  stimulants  and,  in  some  cases,  withdrawal  of 
blood  may  steadj  the  cardiac  action  so  that  an  emergcncy  operation  raay  be 
performed.    Local  anesthesia,  if  possible,  othenvise  light  ether  should  be  used. 

Woii2id8  of  the  Heart. — Intratracheal  insufflation  of  air  and  ether  is  very 
desirable,  as  the  pleural  cavity  on  one  or  both  sides  may  be  opened  and  cause 
embarrassed  respiration. 

ITenroses  of  the  Heart. — These  do  not  contra-indicate  operation,  but  re- 
qnire  a  little  more  čare  on  the  part  of  the  anesthetist.  General  anesthesia  is 
satisfactorv. 

Congenital  Affections  of  the  Heart. — These  affeotions  do  not  absolutely 
contra-indicate  operation.  A  light  ether  anesthesia  combined  with  oxygen 
should  be  used.  Special  attention  must  be  paid  to  the  blood  pressure  and  to 
the  patient's  color. 

Diseases  of  the  Arteries. — degeneration,  arteriosclerosis,  aneurism. 
— Cases  with  the  above-mentioned  diseases  demand  special  čare  in  making 
the  operation  as  short  as  possible  with  gentle  handling  of  the  tissues.  Many 
advise  against  any  operation  if  the  blood  pressure  is  high.  In  these  cases 
ether  or  chloroform  can  be  used,  although  it  is  better  to  use  a  local  anesthetic 
if  possible.  But  the  high  blood  pressure  in  itself  does  not  contra-indicate  opera- 
tion. 
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Anemia. — Although  an  operation  is  not  contra-indicated.in  this  disease,  the 
risk  f rom  shock  or  possible  infection  is  doubtless  increased,  and  even  a  moderate 
hemorrhage  rendered  more  serious.  Healing  is  U8ua]ly  slow  and  convalescence 
prolonged. 

If  tirne  permits,  the  general  condition  of  the  patient  should  be  improved 
by  the  use  of  diet,  food,  drugs,  general  hygienic  treatment,  or  transfusion. 
Often,  however,  the  anemia  is  secondary  to  some  surgical  condition  which  de- 
mands  immediate  operative  treatment.  Before  and  after  the  operation  every 
precaution  should  be  taken  to  lessen  its  severity,  making  it  as  short  as  possible, 
with  special  attention  to  control  of  hemorrhage.  Gas-oxygen  with  more  or 
less  rebreathing  with  the  closed  ether  apparatus,  or  light  ether  anesthesia  is  to 
be  preferred.  AH  the  precautions  employed  in  cases  of  shock  should  be  used 
if  indicated,  such  as  external  heat,  fluids  in  the  vein,  under  the  skin,  or  in  the 
rectum,  position  with  the  head  lowered,  bandaging  of  the  extremities,  etc. 

Lenkemia. — The  resistive  power  of  the  patient  is  ]owered  and  the  healing  of 
the  wound  prolonged.  What  has  been  said  with  regard  to  the  severe  anemias 
applies  to  this  condition. 

HodgkiiL'8  Disease. — This  does  not  contra-indicate  operation. 
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Pnrpura  and  Hemophilia. — These  diseases  lower  the  resistive  power  of  the 
patient  and  render  any  operation  dangerous  because  of  the  profuse  bleeding 
which  follow8.  Every  attempt  raust  be  made  to  make  the  blood  coagulate  more 
qulckly. 

Statiu  LTmphaticiu. — Status  Ijmphaticus  would  always  contra-indicate 
operation  if  this  condition  could  be  recognized  with  certainty,  although  those 
cases  in  which  an  enlarged  thymu8  alone  is  apparently  responsible  for  the  8ymp- 
toms  respond  very  well  to  an  operation  for  its  partial  removal. 

Diseases  of  the  ThTmns. — In  diseases  of  the  thymus,  on  account  of  tb^ 
tracheal  obstruction  to  breathing,  an  intratracheal  anesthesia  may  be  require(l, 
although  ether  by  the  drop  method  is  very  satisfactory,  The  operative  pro- 
cedure should  be  made  as  short  and  simple  as  possible. 

Diseases  of  the  Spleen  and  Snprarenal  Bodies. — These  do  not  contra-indi- 
cate operation. 

Diseases  of  the  Thyroid. — Goiter  and  tumors  of  the  thyroid  do  not  un- 
favorably  influence  an  operation.    Wherever  an  operation  is  indicated,  gentle- 
ness  in  handling  the  tissues,  with  special  čare  to  have  a  clean,  dry  operative 
field,  should  be  observed.    This  is  especially  true  if  the  thyroid  itself  is  beii^S 
operated  upon. 

If  there  is  any  obstruction  to  breathing  from  pressure  on  the  trachea,  intrBr 
tracheal  anesthesia  should  be  eraployed. 

EX0PHTHALMIC  GOITER.— Patients  suffering  from  this  condition  shon'!^ 
have  a  preliminary  rest  in  bed,  and,  in  certain  severe  cases,  ligation  of  two  ^^ 
more  arteries  before  any  operation  is  undertaken.    If  a  general  anesthetic  is   **^ 
be  used,  it  is  well  to  accustom  the  patient  to  the  inhalation  of  it  for  a  short  tii^*^® 
for  several  day8.    This  tends  to  relieve  him  of  the  mental  strain  accompan^i^*^ 
the  knowledge  that  an  operation  is  about  to  be  performed.     Local  anesthe^** 
should  be  used  whenever  possible.    Light  ether,  or  gas-oxygen,  are  the  gene^*^ 
anesthetics  most  easily  taken.     Too  much  emphasis  cannot  be  placed  upon   ^^' 
treme  gentleness  in  handling  the  tissues  and  caref ul  control  of  bleeding.  Enott^^ 
gland  tissue  and  as  much  of  the  poster ior  capsule  as  possible  should  be  1^^^ 
undisturbed  in  order  to  insure  the  presence  of  sufBcient  parathyroid  tissue  a: 
the  operation.    Operations  el8ewhere  are  not  generally  considered  imless  a 
lutely  necessary,  but  when  indicated  the  precautions  mentioned  above  should     ** 
carried  out  as  far  as  possible. 


DISEASES   OF  THE  EIDNEY 

Annria. — If  not  due  to  a  surgical  condition  demanding  immediate  op^J 
tion,  anuria  should  be  relieved  before  operations  elsewhere  are  considered. 

TJremia. — Operations  should  not  be  undertaken  in  patients  suffering  fro^^ 
uremia. 

Aeute  Nephritis. — This  condition  does  not  absolutely  contra-indicate  a^ 
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operatiim,  but  renders  the  outeome  more  aerioua  and  should,  if  possible,  firat  re- 
ceive  its  apprtipriale  treatmeut.  If  the  urgency  of  the  condition  demands  sur- 
gic^l  inierfereucc,  local  or  ga8-oxygeii  aneathesia  eliould  be  used. 

dironio  Nephritis.— This  condition,  even  with  a  high  blood  preaBUre,  doea 
not  coutra-iudicate  an  operatiou,  but  dces  demand  special  precautions  with  re- 
gai-<i  to  the  anestlietic  used,  the  duratioii  of  operation,  and  the  postoperativo 
tre:a.tinent. 

Local,  gas  oxj-gen  or  ether  aneathesia  may  bc  used.  The  operation  should 
W  ebort  and  as  simple  as  poasible.  In  the  postoperative  treatment  one  should 
make  a  special  point  of  fiUing  the  s.vsteni  with  pientv  of  fluids  and  aiduig  the 
«kixi  elimiuation  as  rnucb  as  poasible  by  employing  hot  packs,  hot  air  baths, 
etc.     In  flhort,  the  regular  treatment  for  the  nephritis  should  be  continued. 

An_y  condition  requiring  the  removal  of  one  kidnev  should  not  be  under- 
taken  until  the  fuactiouating  power  of  the  other  kidnej'  haa  been  ascertained. 


DISEASES  OF  THE  BLADDER 

Biseases  of  tbo  bladdcr  do  not  contra-indicate  operationa  elsevhere.  Blad- 
der  conditiona  in  which  there  are  retention  of  urine  and  inipairment  of  kidney 
'"nctions  demand  an  appropriate  treatment  before  other  surgical  proceduren 
*>*  instituted.  Acute  gonorrheal  urethritis  is  a  contra-indication  to  operationa 
for  bemia  near  the  genitals. 


DISEASES  OF  THE   CENTRAL  NERVOUS  S7STEM 

These  diseases,  both  central  and  peripheral,  do  not  contra-iudicate  opera- 
"o«8  except  in  cases  of  edema,  cerebral  heinorrhage,  tumora  and  cy3ta,  and 
*'*»Cie8S  of  the  braiu.  Tu  these  cases  operation  other  than  that  indicated  for 
-ne  actual  condition  is  eontra-indicated  except  in  extreme  urgency.  Then  a 
•oeal  aneittbetic  ia  to  be  chosen  if  poasible,  though  a  general  anestbetic  may  be 

In  ccrtain  of  these  cascs  emergency  operationa  may  be  performed  without 
®">-  anestlietic. 

TROPIOAL  DISEASES 


The  tropical  diseases  contra-indicate  operation  oniv  in  so  far  as  thev  weaken 
"^  patient  and  lower  hia  vitality  and  render  him  loas  able  to  withstand  any 
"^fRical  procedure.  Furtbermore,  there  is  a  local  contra-indication  in  thoae 
*"**©«  vhirb  liavc  a  loaion  in  the  skin  or  snbcutaupoiis  tisane,  rendering  infection 
'"'»Te  probable  and  delaying  or  preventing  the  healing  of  the  wound. 

If  the  operation  is  not  abaolntelv  demanded  both  the  local  and  general  con- 
n  should  first  hove  its  appropriate  treatment.  , 
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SKIN  LESIONS 

Contra-indications  to  operations  and  conditions  modifjing  operative  pro- 
cedures  are  f  ound  in  the  f  ollowing  skin  lesions : 

A.  Lesions  of  the  skin  which  might  eause  wound  infection. 

B.  Lesions  of  the  skin  which  might  cause  wound  infection  and  also  gen- 
eral infection. 

C.  Lesions  of  the  skin  which  might  cause  delajed  healing  of  the  wound. 

D.  Lesions  of  the  skin  which  might  cause  a  recurrence  of  the  condition  in 
the  wound,  or  in  some  other  part  of  the  body,  or  in  both  places. 

E.  Lesions  of  the  skin  which  can  be  better  treated  in  some  non-operative 
manner. 

A.  Lesions  of  the  Skin  Wliioh  Hight  Cause  Woiind  Infection. — Under  this 
heading  might  be  grouped  such  diseases  as  acne,  earbuncle,  dermatitis,  eczema, 
erjsipelas,  furunculosis,  parasitic  diseases,  scabies,  impetigo  contagiosa,  derma- 
titis  venenata,  pemphigus,  vaccinia,  bums,  and  destructive  traumata  of  the  skin. 

In  certain  cases  in  these  conditions  the  patient's  general  vitality  may  have 
been  so  lowered  that  only  a  very  urgent  operation  would  be  advised.  If  the 
operative  field  or  the  adjoining  region  is  involved  the  danger  of  subsequent 
wound  infection  is  greatly  increased  and,  unless  operative  intervention  is  abso- 
lutely  necessary,  it  is  better  to  treat  the  skin  lesion  first. 

In  cases  of  eczema  caused  by  an  irritating  discharge  from  a  woimd  or  sinus 
which  escapes  and  spreads  over  the  skin  the  most  efficient  method  of  treatment 
is  the  application  of  continuous  suction  by  means  of  an  appropriate  double  tube 
introduced  into  the  sinus  or  wound  a  short  distance  to  remove  aH  the  discharge 
before  it  reaches  the  surface.  After  this  removal  of  the  irritating  factor  is  ob- 
tained,  the  ordinary  applications  are  sufficient.     See  Chapter  on  "Aspiration." 

B.  Lesions  of  tiie  Skin  WhiclL  Hight  Canse  Both  Local  and  General  Infection. 
— The  conditions  mentioned  under  A  in  their  more  severe  foiins  might  cause 
a  general  as  well  as  a  local  infection. 

C.  Skin  Lesions  Wliich  Cause  Delayed  Healing  of  Wounds  and  Bender  Any 
Operation,  Other  than  That  of  £mergency  or  Simple  Incision  and  Srainage,  TTnde- 
sirable. — Examples  of  this  are  such  conditions  as  elephantiasis,  lepro8y,  myx- 
edema,  and  scleroderma. 

D.  Lesions  of  the  Skin  Wliich,  After  Their  Operative  Bemoval,  Tend  to  Becnr 
Locally  or  by  Hetastasis. — Such  are  keloid,  melanotic  sarcomata,  and  pig- 
mented  mole.  In  the  last  two  serious  conditions  the  removal  of  a  considerable 
area  outside  the  diseased  region,  with  the  minimum  amoimt  of  handling  and 
traumatism  to  the  pathological  tissue,  will  give  the  best  result  and  afford  the 
least  danger  of  metastasis. 

£.  Lesions  of  the  Skin  Which  Can  Be  Treated  in  Some  Kon-operatiTe  Waar. 
— ^Example8  of  this  are  syphilitic  conditions,  lupus,  and  some  cftflea  of  aiiper- 
ficial  epithelioma. 


CHAPTER   VI 

THE    PROPHTLACTIC   AND   THEBAPEUTIC   ADMINISTBATION  OF   VACCINE8 

AND   SEBA 

JOSEPH  C.  KoP£R 

The  administration  of  vaccines  and  sera  of  various  kinds  in  an  effort  to 
develop  an  immunity  against  a  particular  organism  or  to  supplement  the 
Batural  immnnity  of  the  body  has  oome  to  be  a  well-recognized  therapeutic 
procedure.  To  avoid  confusion  if  possible,  and  to  have  a  definite  view  of  the 
uulications  for  and  limitations  of  this  method  of  treatment,  a  short  discus- 
fiion  of  the  essential  features  of  immunity  is  presented. 


nmuNiTT 

Inimunity  in  its  broadest  sense  is  the  power  of  living  organisms  to  resist 

8uece88fully  any  hannful  influence.     The  type  of  immunity  which  we  shall 

consider  is  usiially  divided  into  that  due  to  inherited  characteristics,  "natural" 

unmunity  to  certain  diseases  of  bacterial  origin,  and  that  developed  through 

iirfection  or  treatment,   "acquired"   iramunity,      This  type  of  immunity  is 

aW)lutely  essential  for  the  perpetuation  of  organic  life.     Without  it  the  bac- 

teria  would  quickly  overeome  ali  animal  Hfc.     The  cessation  of  life  and  the 

confiequent  cessation  of  imniunity  production  are  followed  by  complete  bac- 

^al  invasion  and  destruction.     This  is  a  necessary  part  of  the  scheme  of 

aiiuiuil  existence,  releasijig  as  it  does  the  combined  body  nitrogen  for  the  use 

^plant  life,  thus  permitting  its  subsequent  elaboration  by  the  plants  into  a 

form  available  for  later  re-utilization  by  animal  life. 

latural  Tininimity. — Natural  inmiunity,  that  is,  the  property  of  immunity 
^  ordiiiary  8aprophytic  bacteria,  is  inhcrent  in  man.  The  bacteria  against 
rtidi  natural  immunity  is  complete  are  non-pathogenic.  The  bacteria  against 
wludi  there  is  no  natural  immunity  or  against  which  there  is  only  a  relative 
^^ral  inmiunity  are  or  may  be  pathogenic.  In  other  words,  the  question 
^  pathogenicity  is  dependent  on  immunity  rather  than  on  any  inherent 
P^operties  of  the  bacteria. 

Ifatural  immunitj  varies  with  the  specics,  the  lower  animals  being  im- 
^w>e,  for  example,  to  the  gonococcus  and  spirochipta  pallida,  while  man  is 
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immune  to  many  animal  diseases.  Relatively  it  varies,  also,  with  age,  with 
bodv  conditions  which  influence  the  activities  of  the  leukocjtes,  as  exposure 
to  cold  and  wet,  with  fatigue,  with  the  state  of  nutrition,  as  when  the  food 
is  improper  or  of  poor  quality,  and  with  chronic  diseases,  such  as  nephritis, 
diabetes,  cirrhosis,  etc.  It  is  diminished,  also,  by  alcohol  and  by  general 
anesthetics,  particularly  by  prolonged  anesthesia.  On  the  other  hand^  it  may 
be  angmentcd  by  favorable  conditions  and  surroundings. 

It  has  been  clearly  shown  that  the  blood  of  many  persons  in  normal  health 
contains  measiirable  amounts  of  diphtheria  antitoxin.  Several  units  to  the 
C.  C.  have  been  demonstrated  in  the  blood  of  children  apparently  immune  to 
diphtheria.  This  form  of  immunity  would  perhaps  more  properly  come  iinder 
the  head  of  acquired  immimity,  as  it  probably  results  from  mild  infections 
with  attenuated  organisms. 

Acguired  Iininimity. — Acquired  immunity,  as  the  term  is  generally  used^ 
expresses  the  immunity  resulting  from  an  attack  of  a  particular  disease  or 
that  developed  by  special  treatment,  and  differs  from  the  augmentation  of 
natural  immunity,  which  may  be  brought  about  by  improved  hygicne,  etc. 

The  ability  of  an  individual  to  develop  immunity  varies  with  the  individual 
and  with  the  exciting  organism.  The  duration  of  the  immunity  also  varies, 
many  diseases  conferring  a  lifelong  inmiunity  against  a  second  attack,  as,  for 
example,  small-pox,  while  others,  such  as  pneumonia,  develop  but  a  transient 
immunity.  (Recent  work  on  pneumonia  suggests  the  possibility  that  the  re- 
current  attacks  may  be  due  to  different  strains  of  the  pneimiococcus,  it  having 
been  shown  that  immunity  against  one  strain  does  not  protect  against  some 
of  the  others.) 

In  the  development  of  immunity,  the  virulence  of  the  invading  organism 
is  an  important  factor.  This  virulence  is  known  to  vary  greatly  under  dif- 
ferent conditions.  Many  attempts  have  been  made  to  produce  avirulent  cul- 
tures  of  pathogenic  organisms  which  might  be  safely  used  in  the  living  state 
to  produce  immunity. 

Acquired  immunity  exists  in  2  forms:  active  immunity  and  passive  im- 
munity.  Active  immunity  may  result  (1)  from  a  natural  attack  of  a  disease, 
(2)  from  an  artificially  induced  attack,  (3)  from  the  use  of  living  cultures 
of  diminished  virulence,  and  (4)  from  the  injection  of  killed  organisms.  The 
second  method  is  used  to  some  extent  in  animals.  The  best  examples  of 
the  third  method  are  vaccination  against  small-pox  and  inoculation  against 
rabies.  The  8raaIl-pox  vaccine  probably  consists  of  an  organism  modified  by 
passage  through  calves.  The  material  for  the  vaccine  against  rabies  is  ob- 
tained  from  the  cords  of  rabbits  killed  by  the  virus,  whidi  is  then  modified 
by  drying  the  cords  for  varying  lengths  of  time.  The  fourth  method  is  the 
one  in  which  we  are  interested  in  this  chapter,  and  the  principles  on  which  the 
production  of  immunity  by  this  means  depends  will  be  considered  later. 

Passive  immunity  is  the  immunity  conferred  by  injeeting  an  Atiimal  with 
the  serum  of  another  in  which  active  immunity  has  been  indnoedi  and  pro- 
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tec-ts  onlv  against  tbe  organism  against  which  the  original  animal  haa  bcen 

Time  &equired  for  Froduction  of  Iiiunamty. — The  diiTcrence  in  the  tiine  in- 
ToI'v«d  in  th«  prodiiction  of  the  2  t^pes  of  immnnitj  is  niarked.  Active  im- 
nuEBitv  ilevelopa  8low]y,  reqninng  at  least  a  week  under  favorable  circum- 
8tJiZ3cog,  wbilc  passive  inimHnity  ia  confeired  almost  at  onco  l»v  the  injection 
of  tlie  senim.  Uiifortiinately  most  of  the  attempts  to  prodiice  pntent  sora 
wliioh  wiui!d  roiifttr  a  paasive  iinmimity  have  been  nnaiicceasfiil. 

Dnration  of  Immimity.— Passive  immimity  is  miich  more  tranaient  than 
acti^'e  inimunitv.  It  bogina  to  dirainieh  almost  at  once,  beoaiise  of  the  elimina- 
tion  of  the  antibodies.  and  iianallv  enduree  biit  3  to  6  veeks,  while  active 
imuiiinitv  mav  perftist  for  froin  1  to  neveral  yearfl. 

Tlieories  of  Immunitf. — Varioiis  theories  havo  been  advanced  to  esplain 
imimiDitv.  Among  Iheni  inay  bc  mentitmed  the  eshauation  thBory  of  Pasteur, 
who  argiied  that  the  imninnitv  wa8  due  to  tbe  lack  of  suitable  food  for  the 
bactcria,  and  tfie  theory  of  Metchnikoff,  wbo  considered  that  tbe  iminunity 
wa8  dne  entirely  to  tlie  pbagocvtic  properties  of  tbe  leukocytes.  Tbe  leiikocvtes, 
iccording  to  him,  bad  fiiing  and  digesting  properties  for  bacteria,  the  former 
corresponding  in  a  measiire  to  Wright  and  Douglas'  opsonins,  as  at  timea 
thGy  migbt  be  liberatcd  by  tbe  pbagocyte8.  He  considered  alao  thut  tbe  leuko- 
eytes  had  the  property  of  absorbing  toxin. 

Ex[mrinieiit9  which  sboved  that  the  hlood  of  persons  recovered  froin  io- 
fK^iuiis  or  of  aniuials  immunized  against  certain  organisma  had  a  protective 
pi>wer  glive  rise  to  tbe  bumeral  tbeorj, 

£iiici.icii'8  SiDE-cHAm  TiiKOEv. — Ebrlich'B  side-chain  theory,  which 
papbically  permita  of  aii  esplanation  of  inany  of  the  phenomena,  waa  ad- 
vanced in  1897  and  is  stili  most  highly  regarded. 

In  189fi  Weigert  proposed  tbe  fo]lowing  hvpotbesis  to  esplaln  byperplaBia 
reBidting  from  irritation  or  injnry:  Tbe  maiutenance  of  nomial  stnictnre  and 
fanctioii  nf  tiasues  dependa  on  tbe  equiiibrium  prodticed  by  a  seriea  of  mutuat 
ralraiuta  exert'ised  by  ueigbboring  cella  on  each  other.  The  fimctiona  of 
"•fi  »11  itself  depend  on  similar  restraints  exerci8ed  by  ita  component  units 
'Ml  ''acli  other.  Injiiry  or  Irritation  of  one  of  tbeae  pella  or  troniponont  iinita 
cliaiip.^  fhe  relation  of  ali  the  othcr  cella  or  units  to  each  otber  and  imre- 
ttrsined  development  or  growth  takes  plače,  This  growth,  Weigert  points 
'"'t,  alwBya  goes  on  to  excesa,  more  new  material  being  produced  tban  ia  neces- 
••O' '«  teplace  that  lost. 

Thia  h\'potbetieal  reasoning  will  explain  the  occurronce  of  free  antibodiea 
»ud  vili  enable  na  to  comprehend  the  eqnally  hypotheticaI  aide-chain  tbeorj  of 
■^flich.  Ehrlicb  points  out  that  a  celi  bas  2  fiinctions,  one  whicb  haa  to  do 
*"'i  a  pbysiologioal  proceas.  aiicb  aa  gland  secrction  or  ner\'e  condiiction,  and 
""Boiber  »'ith  mitrition.  That  portion  of  the  celi  wbirh  diacbarges  the  pbyaio- 
'"pcsl  function  muat  be  nourished.  The  propertv  of  providing  nonriahment 
""»t  be  regarded  as  due  to  a  seriea  of  activitiea  separate  from  those  that  bave 
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to  do  witli  the  physiological  activity.     The  former  is  the  more  important  func- 
tion  in  relation  to  immunity.     It  enables  the  celi  to  appropriate  food  from 

A  the  circulating  fliiids  and  to  elaborate  it  into  raolecules 

C\      r\      {J  of  protoplasm  to  replace  waste.     This  property  is  proba- 

\l     ^/-"'"^■^s/^       t)ly  at  bottom  a  chemical  process,  the  food  molecule  be- 

coming  attached  to  some  portions  of  the  celi  or  groups  of 
atoms  for  which  it  bas  a  chemical  affinity.  These 
groups  he  calls  side  chains,  haptines  or  receptors  (Fig. 
1).  While  their  principal  function  is  to  convert  the 
^PTORfl^^RlaAPTumr      particles  of  food  into  a  condition  suitable  for  assimila- 

tion  by  the  main  portion  of  the  celi,  they  also  have  a 
variety  of  other  functions.  These  enable  them  to  combine  with  substances 
which  are  not  food.  One  of  these  substances  is  the  toxin  molecule.  The  toxin 
molecule  may  be  represented  as  containing  2  groups,  a  haptophore  or  com- 
bining  group  and  a  toxophore  group  (Fig.  2).  The  hapto- 
phore group  permits  the  toxin  molecule  to  attach  itself  to 
the  haptine  or  receptor  of  a  body  celi  and  thus  enables  the 
toxophore  or  poison  group  to  exert  its  enzyme-like  action  on 
the  celi  (Fig.  3).  Depending  on  the  number  of  toxin  mole-  ^®-  ^-  -—  ^ o ^c ' n 
cules  anchored  by  a  celi,  the  celi  may  be  injured  or  destroyed.  Haptophorb 
If  the  insult  to  the  celi  bas  not  been  enough  to  destroy  it,  (Combinino) 
there  takes  plače  a  great  change  in  celi  tension  and  there  is  an  Toxopbors  (En- 
immediate  regeneration  of  fresh  receptors  to  replace  those  Groupe'^"^*^ 
lost.  If  this  phenomenon  is  reproduced  several  times  by  doses 
of  toxin  insufficient  to  de8troy  the  celi,  the  celi  eventuallv  develops  the  faculty  of 
manufacturing  more  receptors  than  it  can  accommodate  and  these  are  thrust  ofF 
into  the  circulation,  thus  forming  toxin  receptors  or  antitoxin  (Fig.  4).  It  will 
be  readily  seen  that,  if  these  free  receptors  combine  with  the  toxin  molecule,  the 
latter  cannot  attach  itself  to  the  celi  and  its  toxophore  group  is  rendered  inert. 
Many  experimental  facts  have  been  broug!  :  forward  in  support  of  this 

theory,  and  its  simplicity  permits  of  the 
presentation  of  the  principles  of  immunitj 
in  a  concrete  form. 

Receptors  or  antibodies,  according  to 
Ehrlich,  are  not  ali  of  the  same  composition 
or  stmcture,  and  individual  receptors  may 
exercise  entirely  different  functions.  Each 
celi  is  supplied  with  a  multitude  of  these 
receptors,  which,  when  thrust  oflF,  constitute 
''\^:SrBTToM^,™r™K""  H^  antibodies.  Ehrlich  has  divided  the  re- 
TOPHORE  Group  and  Receptor.  ceptors  into  3  orders.     The  first  order  the 

simplest  of  these  antibodies,  is  represented 
by  the  antitoxin  molecule,  which  has  only  a  single  group,  a  haptophore  or  com- 
bining  group  (Fig.  5).    The  second  or  more  complicated  order  is  represented 
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Fio.  4. — Rbceptors  Čast  Off  Consti- 
TUTiNo  Free  Rbcbptobs  or  Amti- 

TOXIN. 


bj  the  agglutinins,  which  contain  an  agglutinaphore  group  in  addition  to 

the  combining  or  haptophore  group  (Fig.  6).    The  third  or  most  complicated 

order  contains  2  combining  groups  and  may 

be  typified   by   the    amboceptor    (Fig.    7). 

This    group    require8    for    the    completion 

of    its    activitj    the    presence    of    comple- 

ment. 

Aocording  to  Ehrlich,  amboceptor  is 
formed  for  the  anchoring  of  molecules  too 
large  for  the  simple  receptors  which  anchor 
the  toxin  molecule.  The  amboceptor  pos- 
866868  2  haptophore  or  combining  groups,  one 
to  combine  with  the  molecule  of  food  ma- 
terial and  the  other  to  combine  with  the  digestive  enzvme  or  complement  which 
breaks  down  the  large  molecule  and  prepares  it  for  utilization.  In  the  same  way 
the  amboceptor  combines,  on  the  one  hand,  with  antigen  and,  on  the  other  hand, 

with  complement,  a  principle  made  use  of  in  the  Wa88er- 
mann  reaction.  Complement,  therefore,  must  have  2  groups, 
a  combining  or  haptophore  group  and  a  zjmophore  or  di- 
gestive group,  and  must  belong  to  the  second  order  of  anti- 
bodies.  Its  resemblance  to  the  toxin  molecule  will  be  evi- 
dent.  This  resemblance  has  been  further  established  by 
the  production  of  anticomplement.  Complement  is  present 
normally  in  the  blood  and  is  easily  destroyed  by  heat,  acids, 
etc.  Only  in  combination  with  complement  is  the  ambo- 
ceptor able  to  dissolve  bacteria,  cells,  etc.  Sera  containing 
receptors  of  the  third  order  are  bacteriolytic  or  bactericidal 
only  when  combined  with  complement. 

Immunitt  to  ToxiNa. — In  the  development  of  the  resistance  of  the  body 
there  are  2  factors  involved,  the  immunity  to  toxin8  and  that  to  bacteria.  It 
is  possible  by  the  injection  of  suitable  small  quantities  of  bacterial 
toxin8  at  suitable  intervals  to  render  an  othervvise  susceptible  ani- 
mal  immune.  Inununization  against  a  toxin  confers  also  some  de- 
gree  of  immunity  against  the  pathogenic  action  of  the  organism 
that  produced  the  toxin.  An  aninial  immunized  against  the  toxin  of 
onebacterium,however,is  not  proteeted  against  the  toxin  of  another. 
The  toxin8  are  of  2  varieties :  the  ejrtracellular  or  soluble  toxin3 
produced  and  liberated  during  the  grovvth  of  an  organism  and  the 
intracellular  or  insoluble  toxins  which  are  liberated  only  on  the 
death  and  disintegration  of  the  organism.  The  former  may  be 
separated  from  the  organisms  by  filtration.  Ali  pathogenic  bacteria 
do  not  form  them.  Two  organisms  which  form  them  freely  and 
^diich  have  been  extensively  studied  are  B.  diphtheris  and  B.  tetam.  Thš 
intracellular  toxin8  or  endotoiins  conatitr 
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ies  of  the  bacteria  and  not  liberated  during  growth.  The  subject  is  not  en- 
tirely  clear,  some  investigators  claiming  to  have  isolated  endotoxin8  and  to 
have  produced  antitosins  against  them  with  killed  organisms  and  others  de- 
nying  the  possibility  of  producing  such  antitoxin.  Organisms  sueh  as  the 
pneumocoecus,  which  are  not  known  to  produce  an  extracellular  or  soluble 
toxin,  are  supposed  to  exercise  their  harmful  influence  when  endotoxin  is 
liberated  bv  tlie  death  and  solution  of  the  bacteria. 

It  is  now  generally  accepted  that  toxin  and  antitoxin  form  compounds 

which  are  devoid  of  toxic  aetion  on  animal  cells.     Various 

proof  s  that  this  union  is  chemical  have  been  brought  f  orward ; 

the  most  striking  of  which,  by  Martin  and  Cherry,  8howed  that 

^OrderopAn^    toxin  would  pass  through  a  filter  impregnated  with  gelatin, 

BODiEs  Havino    while  antitoxin,  apparently  having  a  larger  molecular  struc- 

Oroups  (Ambo-    ture,  would  not.    They  also  demonstrated  that,  when  a  f  reshly 

oBPTOB).  made  mixture  of  toxin  and  antitoxin  was  plaeed  on  a  filter, 

the  first  portion  of  the  filtrate  was  toxic  but  that  this  toxieity 
diminished  in  later  portions  and  was  absent  a  few  minutes  after  the  mixture 
had  been  made.  The  inference  was  that  the  toxin  and  antitoxin  had  combined 
to  make  a  molecule  too  large  to  pass  through  the  filter.  When  f  reshly  made  mix- 
tures  of  toxin  and  antitoxin  are  exposed  to  a  temperature  of  70°  C,  the  toxicity 
is  restored,  the  antibody  having  been  destroyed  and  the  toxin  resisting  this  tem- 
perature. When  this  mixture  has  been  allowed  to  stand  for  some  time,  however, 
the  toxicity  is  not  restored  by  a  temperature  of  70°  C.  It  is  apparent  that  the 
molecule  formed  by  the  union  of  toxin  and  antitoxin,  being  less  thermostablc 
than  free  toxin,  has  been  de8troyed.  Ehrlich  showed  that  toxin  and  ant]toxin 
combined  in  definite  proportions. 

Toxins  against  which  antitoxins  may  be  produced  possess  2  groups:  a 
haptophore  or  combining  group  and  a  toxophore  group.  The  latter  may  be 
de8troyed  without  injuring  the  former.  This  has  been  observed  in  old  prepara- 
tion  of  toxin8.  The  resulting  molecule  is  called  a  toxoid.  It  is  stili  capable 
of  combining  and  of  exciting  antitoxiii  formation,  but  is  not  toxic. 

BACTERIAL  IMMUNITT. — The  main  factors  in  bacterial  immunity  are 
bacterioly8is  and  phagocytosi8,  operating  either  independently  or  in  combina- 
tion.  Phagocytosis  constitutes  the  main  defense  and  is  so  effectual  that  or- 
ganisms very  rarely  find  a  foothold  in  the  circulation.  It  is  highly  probable 
that  in  most  infections  bacteria  gain  entrance  to  the  circulation  biit  in  the 
great  majority  of  instances  they  are  very  quickly  destroyed.  Normally  the 
blood  contains  substances  which  render  the  bacteria  susceptible  of  ingestion 
and  destruction  by  the  phagocytes.  These  bodies,  called  opsonins  by  Wright, 
are  supposed  by  him  to  exi8t  in  the  circulating  blood.  Other  observers  have 
claimed  that  they  are  developed  during  manipulation  of  the  blood  and  are  the 
result  of  clotting  or  of  phagoly8is.  In  support  of  this,  it  has  been  pointed  out 
that  in  those  portions  of  the  body  where  the  circulation  is  slowe8t  and  leucocyte 
4estruction — and  therefore,  opsonins — mo^t  ^bundant,  as  the  spleen.  s^d  bone 
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iiiarrow,  ptagoojtosis  is  most  marketl,  and  tliat  it  does  not  occur  experimentally 
to  anj  degree  wheii  bacteria  are  inixed  with  blood  in  situ,  as  in  a  normal 
ventricle  cut  off  from  the  circulation,  Tlie  opaonina  resemble  complement  in 
being  thermolabile,  although  some  substances  wblcb  act  as  opsonins  are  ther- 
mostabile,  Similar  bodies  were  discovercd  by  Neufeld  in  1904  iu  the  blood  of 
pae^iiuonia  patienta  and  tralled  by  bim  bacteriotropins.  They  play  an  important 
part  in  recovery  in  that  diseaee  and  are  regarded  bv  some  as  identical  witb 
opsonins.  Tbeir  action,  however,  is  apecific,  as  normal  opsonin  is  who]ly  witb- 
out  effect  on  virulent  pneiimococci  wbile  bacteriotropins  permit  or  caiiae  tbeir 
teadv  ingestion  by  the  pbagocyte8. 

Tbe  pbenoniena  of  destmction  by  phagocrtosis  differ  materially  from  the 
phenomena  of  bacteriolysi8  or  extracellular  soUition,  tbe  latter  neceasitating  as 
it  does  botb  amboeeptor  or  immuno  body  and  complement.  The  rcsults,  also, 
afD  different,  as  in  destmction  by  pbagocytosis  it  is  probable  that  tbe  endo- 
tosins  aro  destrojed  or  neutralized,  while  in  direct  bacterioIy8iB  they  are 
libcrated. 

Stuunar;. — To  recapitulate,  for  tbe  development  of  immunity  there  mnat 
fesult  from  the  injection  of  antigen  the  fonnation  of  antibodiea.  Tbeso  anti- 
bcMiios  mfly  be  of  several  kinds:  antitoxins,  agglutinina,  opsonins  or  baeterio- 
ti^pins,  bactmolysin8,  etc.  The  antibodies,  whether  bacteriolytic  or  cytolytic, 
■TO  spetufic  in  natnre.  It  is  conceivable  that  we  may,  tbrough  the  indiscrim- 
Miate  uae  of  vaccines  (antigena),  by  lowering  the  antibody-producing  power 
of   the  cells,  interfere  with  the  normal  development  of  protective  antibodiea. 

VAOOINES 

Freparation  of  Taocine. — Vaccines    are    usuallj    prepared    from    ciiltures 

B*'0'wn  on  snitable  solid  niedia.     Some,  bowever,  sucb  aa  tbe  tubercle  bacillna, 

*^«  grown  on   liijnid  media.     With  the  intention  of  keeping  tbe  organisms 

**  little  cbanged  as  poseible,  varioua  waya  of  attenuating  their  vinilence  and  so 

Permitiing  the  iise   of  live   organisms  bave  been   tried,     Organisms  in  tbe 

"vinp  State  aro  very  rarely  used,  however,  in  the  vaccination  of  human  beinga. 

Tliev  are  killed  elther  by  heat,  exposuro  or  ebemicala.     Each  metbod  has  its 

sdberents.  nlmost   aH   admitting,  bowever,   that  tbe  ideal  vaccine  woiild  be 

'**Oipoaed  of  living  organisms  attemiated  juat  to  tho  point  where  they  would 

""t  harm  the  boat  yct  were  active  enough  to  excite  continiioiia  antibody  for- 

otation. 

As  ttiia  end  has  not  been  attained  and  tbe  organisms  must  iisual]y  be 
*''Ifti,  tho  metbod  most  gencrallv  adopted  ia  expo8iire  to  as  low  a  temperature 
"  flill  do  tbis  (60°  C.  for  1  hour). 

Tbe  roiitine  metbod  at  the  New  York  Hospital  ia  as  follow9:  Tbe  material 
•"pplied,  if  anitable.  is  used  for  streaking  plates  withoiit  any  previoua  manipii- 
»tion.    By  this  metbod  the  jmiitj  of  the  culture  is  assured.    If  unsuited  for 


direct  use,  a  tube  of  broth  is  inoculated  with  one  or  eeveral  loopfiils  of  materij.  2 
thorough  (list  rib«  ti  on  of  the  organisms  is  attained  by  shaking  and  platea  of  sai  -ft, 
able  media  are  streaketl.  In  tbia  wa_v  infomiation  is  obtained  as  to  the  variet-^- 
aud  relative  number  of  bacteria  involved. 

To  decide  which  bacteria  are  directly  responaible  complement  deviation 
testa  of  those  isolnted  are  Bometiniea  necessarv'.  In  eome  casea  it  is  possibie  t« 
determine  from  their  patfaogenicitv  wliieb  are  tho  paiiaative  organisnis,  as,  f  or 
example,  in  the  isolation  of  a  tvphoid  organism  from  a  gall-bladder  siii.xa_B. 
Howevcr,  tbe  orgnnism  miist  he  of  definite  patbogenicity  to  ju3tify  sucIl 
procedure. 


L  After  the  cultures  have  been  grown  for  24  hours,  they  are  waflhed  int- 

'  Bterilo  test-tube  with  5  to  10  c  c.  of  aterile  salt  solution.     The  cliimpa   ^^^-^ 

broken  up  as  far  as  poBsible  by  vigorous  and  prolonged  shaking.  the  t\ibe         '^ 
centrifitgated  a  moment  to  remove  the  larger  particles,   and  the  number   c^^' 
organisma  per  c,  c.  determined  by  the  method  deviaed  by  Wright  and  Doug/j^^* 
or  by  connting  direetly  in  n  connting  chambor.     Tho  methods  for  the  eatimi^  '~ 
tion  of  the  nnmber  of  bacteria  are  only  relatively  aw?urate.     The  bactcria^^ 
snapension  is  now  diluted  to  the  proper  strength  for  injection  and  \a  divided 
among  4  teat  tubea.     The  organisms  are  killed  by  hcating  at  4  different  tem- 
peratures — 65°,  70°,  75°,  and  80°  C— Vo  honr.     The  apparatua  used  (Fig. 
8)  coDsists  of  a  seriea  of  conatant  level  -»ater-baths  eqiiipped  with  automatic 
gaa  controla  and  thermometera.     In  each  is  a  perforated  diaphragm  for  sup- 
porting  test-tubea  containing  vaccine.     The  baths  have  covers,  tfaua  Insuring  a 
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fiirlj  tmiform  temperature  for  ali  parts  of  the  tube.  In  this  way  the  ob- 
jeetion  made  to  the  open  bath,  that  organisms  spilled  on  the  sides  of  test  tubes 
maj  not  be  killed,  is  overcome. 

After  heating,  cultures  aro  made  to  insure  sterility,  the  diflPerent  sus- 
pensions  are  combined,  and  the  vaccine  is  put  up  in  storile  hjpodermic  vials 
dosed  with  rubber  caps.  Through  these  caps,  after  immersion  in  alcohol  or 
application  of  a  drop  of  carbolic,  a  hypodermic  needle  may  be  thrust  and 
the  vaccine  withdrawn  as  needed.  The  strength  of  the  vaccines  varics  from 
100  to  1,000  millions  to  the  c.  c,  depending  on  the  organisms  involved. 

-?^^■^■^:^::■^L^:'■^.•-v:■.^:^■^■■■;/.^i 

Fio.  9. — Capillart  Pipet. 

Standardization  of  Vaccines. — Of  the  various  methods  proposed  for  the 
standardization  of  vaccines,  the  method  devised  by  Wright  is  probably  most 
widely  used.  By  it  the  ratio  of  organisms  in  a  given  suapension  to  red  blood 
cells  is  determined  in  a  stained  smear.  The  bacterial  suspension  is  made  as 
directed  under  preparation  of  vaccine.  A  capillary  pipet  (Fig.  9)  is  marked 
about  ^2  i^  from  the  end.  Blood  from  a  frcsh  punctnre  is  drawn  up  to  this 
point,  a  small  bubble  of  air  is  drawn  in,  and  then  the  bacterial  suspension  is 
drawn  up  to  mark.  The  equal  quantities  of  blood  and  suspension  obtained  in 
this  way  are  blown  out  on  a  glass  slide,  mixed  thoroughlv  by  drawing  in  and 
out  of  the  pipet  several  times,  and  a  smear  is  made  from  a  drop  of  this 
miiture.  The  slide  is  stained  with  a  polychrome  blood  stain  and  the  relative 
nuinber  of  red  cells  and  bacteria  counted  in  a  number  of  fields.  At  least  600 
red  cella  should  be  counted.  A  ruled  ocular  diaphragm  aids  greatly  in  the 
counting.  If  this  is  not  available,  the  slide  may  be  divided  into  square8. 
Taking  5,000,000  as  the  average  number  of  red  cells  per  c.  mm.,  the  number 
of  bacteria  per  Cw  c.  may  be  estimated.  There  are  very  many  sources  of  error 
in  the  method. 

The  organisms  may  be  counted  directly  in  a  Helber-Zeiss  counting  cham- 
ber,  using  a  red  or  white  celi  pipet  for  diluting.  This  method  is  more  ac- 
enrate  than  Wright's  but  takes  longer. 

A  special  centrifuge  tube  has  been  devised  by  Ilopkins,  in  \vliieli  the  suspen- 
sion, filtered  through  cotton,  is  centrifugalized  for  a  definite  time  at  a  constant 
speed.    This  gives  a  imiform  sediment,  which  is  made  up  to  a  1  per  cent  sua- 
pension.   The  value  of  this  suspension  for  the  diiferent  organisms  has  been  e 
mated.    The  method  is  accuratc  for  organisms  of  a  constant  size. 

It  will  be  seen  that  only  a  relative  accuracv  is  achieve«^ 
vaccines.     This  is  sufficient,  liowcver,  for  practical  p* 
the  variation  in  the  organisms  themselves — the  ^ 
be  determined  by  the  effect. 

Bosag«  of  Vaccines. — The  first  dose  of  vaoi 
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the  8ub8eqiient  doses  are  dependent  on  the  reactions  resulting  from  the  first. 
CHnical  data  are  usuallj  relied  upon  for  determining  the  size  and  tirne  of  ali 
doses  but  the  iirst.  The  opsonic  method  for  controlling  the  dose,  etc,  has  f allen 
into  diBiue  because  of  inconstant  results.  The  initial  doses  recommended  by 
Wright  for  the  various  organisms  are  as  f ollow8 : 

Gonococcus,  6,000,000  to  50,000,000. 
Colon  bacillus,  5,000,000  to  50,000,000. 
Pneumococcus,  10,000,000  to  50,000,000. 
Typhoid  bacillus,  5,000,000  to  50,000,000. 
Streptococcus,  10,000,000  to  26,000,000. 
Staphylococcu8,  60,000,000  to  1,000,000,000. 

These  figures  serve  as  a  rough  guide  for  the  initial  dose  only.  If  following  the 
initial  dose  there  is  a  marked  local  or  constitutional  reaction,  no  8ubsequent  dose 
should  be  given  until  after  this  has  subsided.  Local  redness,  tendemess,  or  induration 
to  any  considerable  extent,  with  constitutional  disturbance  and  increase  in  special 
symptom8,  are  indicative  of  overdosage. 

Interval  Between  Doses — The  usual  custom  is  to  allow  an  interval  of  5  to  10 
days  to  intervene  between  doses,  so  as  to  avoid  the  so-called  negative  phase.  With  the 
object  of  developing  the  immune  bodies  as  rapidly  as  possible,  it  has  been  the  custom 
for  several  years  at  the  New  York  Hospital  to  start  the  treatment  with  daily  doses 
for  the  first  6  days,  unless  contra-indicated  by  reactions,  and  then  to  give  injections 
at  5-day  intervals.  There  is  experimental  evidence  to  prove  that  agglutinins  inay  be 
raised  more  rapidly  by  this  method,  and  there  is  a  possibility  that  other  antibodies  are 
similarly  influenced.    The  results  by  this  method  have  been  satisfactory. 

Prophylactic  Vaccination. — The  injection  of  vaccines  of  staphylococci  or  strep- 
tococci  before  operation  in  the  hope  of  avoiding  infection  by  developing  immunity 
against  these  organisms  must  be.regarded  as  an  unsound  procedure.  In  the  present 
State  of  our  knowledge,  we  can  be  none  too  sure  that  no  harm  will  result. 

Following  the  administration  of  a  dose  of  vaccine,  animals  are  prone  to  become 
ill  and  while  in  this  condition  certainly  are  less  resistant  to  infection.  It  hardly 
seems  wise  to  subject  a  patient  to  possible  injury  and  so  reduce  his  resistance. 

Sensitized  Vaccines. — Sensitizcd  vaccines  have  been  prepared  for  a  number 
of  diseases.  Living  cultures  are  submitted  to  the  action  of  specific  sera,  the  or- 
ganisms are  separated  from  the  sera  and  used  as  a  vaccine.  This  vaccine  will 
contain  the  organisms  plus  the  antibodies  which  have  become  attached  to  them 
while  in  contact  with  the  serum.  This  method  has  been  used  by  Besredka  for 
immunization  against  typhoid,  in  which  he  claims  excellent  results  and  no 
drawback8.  The  method  is  also  used  by  the  Pasteur  Institute  of  Pariš  for  the 
preparation  of  antirabic  vaccine.  The  dangers  of  using  living  cultures  have 
limited  the  emplovment  of  sensitized  vaccines.  The  advantages  do  not  seem  to 
ofiFset  these  dangers.  Ali  organisms  cannot  be  sensitized,  so  that  at  best  the  ap- 
plication  will  be  limited. 

Stock  Vaccines. — In  every  čase  autogenous  vaccines,  where  available,  are 

*'>  be  preferred.    Where  a  vaccine  seems  indicated,  however,  and  an  autogenous 

e  cannot  be  prepared,  a  stock  vaccine  is  permissible  if  the  connection  between 
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the  disease  and  a  particular  organism  is  undoubtcd.  Becaiise  of  the  niimber 
of  strains  and  the  variation  in  the  different  strains  of  the  same  organism,  even 
when  the  causative  agent  is  known,  an  autogenous  vaccine  is  va8tly  to  be  pre- 
ferred.  The  number  of  strains  of  gonococci  with  qualitative  differences,  iso- 
lated  by  Torrey,  ilhistrates  this  point.  Where  an  autogenous  cannot  be  pro- 
cured,  a  polyvalent  vaccine  made  from  a  number  of  strains  of  the  same  organ- 
ism should  be  used.  Many  factors,  including  uncertain  source,  age  and 
strength,  argue  against  the  stock  vaccine. 

m 

In  no  čase  should  a  stock  vaccine  be  used  without  definite  information  as  to  the 
causative  agent  involved.  The  infections  in  which  most  benefit  has  been  derived  from 
the  use  of  stock  vaccines  are  those  in  which  the  staphjlococci  are  concemed. 

Stock  vaccines  must,  of  course,  be  used  for  antityphoid  inoculation. 

Kized  Vaccines. — This  term  is  used  to  identify  vaccines  consisting  of  2  or 
more  different  bacteria.  They  must  be  differentiated  from  polyvalent  vac- 
cines, which  contain  several  different  strains  of  the  same  bacterium.  There 
can  8carcely  be  any  scientific  method  for  the  application  of  a  mixed  vaccine. 
While  we  may  be  able  to  determine  by  the  plate  method  of  culture  the  variety 
and  relative  numbers  of  organisms  in  the  particular  material  supplied,  this  is 
far  from  being  a  safe  guide  to  the  actual  numbers  and  relative  importance 
of  the  organisms  involved  in  the  process.  In  mixed  infections  the  complement 
deviation  test  may  prove  to  be  a  practical  help. 
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DI8EASES 

Acne. — Staphylococci  of  ali  varieties  are  found  in  this  condition  some- 
times  associated  with  the  "acne"  bacillus,  an  organism  of  the  diphtheroid 
type.  Vaccines  of  the  former  are  readily  prepared,  but  the  latter  grows  with 
difficulty.  Where  improvement  is  not  obtained  with  the  staphylococcus  vac- 
cines, the  "acne''  vaccine  may  be  tried.  The  local  and  general  treatment 
should  be  continued  while  the  vaccines  are  being  used,  but  even  under  those 
conditions  the  results  are  not  always  satisfactory. 

Chronic  Fninnculosis. — The  most  brilliant  a(4iievemcnt8  of  vaccine  therapy  have 
been  attained  in  chronic  funinculosis.  Aiiy  variet.v  of  the  staph.vloco(H!U8  may  be 
present.  Autogenous  vaccines  are  oasily  prepared.  If  an  autogenous  vaccine  is  not 
available,  however,  a  stock  vaccine  prepared  from  several  strains  of  8taphylococci  may 
be  used,  but  if  prompt  improvement  does  not  follow  it  should  be  abandoned.  The 
first  dose  should  be  large,  about  500,000,000;  siibsequent  doses  may  have  to  be  larger 
or  smaller,  depending  on  the  reaction.  Daily  doses  are  given  for  5  day8  unless  the 
reactions  are  severe,  8ub8equent  doses  should  be  given  at  5-day  intervals. 

Carbnnele. — The  staphjloeoccus  aureus  seeins  uniformly  to  be  the  or- 
ganism involved  in  this  condition.     Autogenous  vaccine  should  lw*  uaed^  how- 
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ever,  wherever  practicable  and  the  dosage  should  be  large.  Attention  to  -t  ~^c 
general  healtli  and  diet  of  the  patient  is  very  important  in  conjunction  vr  m  -th 
proper  surgical  measures. 

Aiithrax. — Although  the  manifestations  of  this  disease  suggest  the  pin^^Bs- 
ence  of  a  toxin,  there  is  no  experimental  proof  of  its  ezistence.     Attenua't;^^ 
living  vaccines  are  used  in  developing  immiinity  in  animals.     For  the  con.« 
tion  known  as  malignant  pustule  in  man,  serum  has  been  used  with  suco^i 
It  may  be  obtained  in  the  open  market.    It  should  be  given  also  in  pulmonsL^K-j 
anthrax.     If  the  serum  is  not  available,  killed  vaccines  may  be  tried. 

Arthritis. — The  tvpe  of  arthritis  following  definite  localized  infecti« 
should  be  amenablc  to  treatment  with  organisms  isolated  from  the  site  of 
original  infection  if  their  relation  can  be  established  by  complement  deviati<:>n 
tests.  Unfortunately  this  relation  cannot  alway8  be  traoed,  and  frequeixt;lj 
in  cases  of  long  standing  no  definite  focus  of  infection  can  be  found.  _lrC^ 
cently  several  organisms  have  been  isolated  by  Ilosenow  from  the  glands  xn 
the  neighborhood  of  the  affected  joints  in  chronic  arthritis,  and  vacci  33.^8 
made  from  these  organisms  are  being  used.  Vaccines  made  from  organiaEZKU 
whose  relation  to  the  disease  has  been  established  by  complement  deviation  t^»s>ts 
alone  have  been  used  with  some  degree  of  improvement.  The  results,  wlx£le 
encouraging,  have  not  been  brilliant,  however. 

In  these  conditions  aH  possible  accessible  sources  of  infectiozi  must      ^ 
kept  in  mind,  as  the  acce8sory  sinuses,  antrum  of  Hi^miore,  teeth,  ton^š^lB* 
ears,  urethra,  uterus,  prostate,  bladder,  etc     The  source  of  the  infection,  li.^>"^' 
ever,  if  it  is  an  infection,  may  be  in  an  organ  not  readily  accessible,  sucLb.       ^ 
the  gall-bladder  or  appendix. 

Bacillns  Aerogenes  Capsnlatns  Infection. — In  conjunction  with  efficient 
gical  treatment,  the  use  of  vaccines  in  this  comparatively  rare  and  relati^ 
fatal  infection  may  be  of  assistance.     The  initial  dose  should  be  small. 

Cholera  (Vibrion  Cholerse). — Sera  have  been  prepared  which  have  a  -^^ '^^ 
tective  vahie  in  animals  but  no  curativo  value.     The  serum  of  recovered 
tients  is  very  strongly  bacteriolvtic     Haffkine,   using  attenuated  living 
ganisms,  has  used  preventive  vaccination  in  India  with  considerable  sm 

Infeotions  with  Colon  Bacillns. — Organisms  of  the  colon  group  have  b*^^*^ 
isolated  from  a  variety  of  conditions.     They  are  prone  to  locate  in  the  g^^-    "* 
bladder  and  pelvis  of  the  kidney.    The  variations  in  the  members  of  this  groi— ^P 
and  the  marked  diffcrences  in  the  biological  characteristics  of  the  differe^^** 
varieties  make  the  vakie  of  stock  vaccines  of  the  type  usually  used  (the  hac/ 
lus  coli  comninnis)  highly  problematical.     The  members  of  the  group  exteBt 
from  the  coli  communis,  through  the  paracoli  and  enteritides,  to  the  paratj-' 
phoid  group.     Autogenous  vaccines  are  the  only  ones  whose  use  is  justified. 
Even  with  autogenous  vaccines  the  results  in  cases  of  pyeliti8,  etc,  are  fre- 
quently  disappointing,  possibly  because  the  places  where  the  organism  thrives 
are  not  accessible  to  the  immune  bodies.     The  usual  initial  dose  is  abont 
60,000,000. 
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Diphtheria. — The  production  of  diphtheria  antitoxin  furnishes  a  practical 
ezample  of  the  development  of  an  active  imnuinity.  Tliis  organism  furnishes 
a  soluble  toxin  and  this  toxin  is  available  for  imniunization. 

As  marketed,  diphtheria  antitoxin  contains  from  300  to  2,000  units  to  the 
C  C  The  usual  sites  for  injection  are  the  loose  siibcutaneous  tissucs  of  the 
abdominal  wall  and  between  the  shoulder  blades.  In  urgent  cases  the  injection 
^ould  be  made  intravenouslj.  Park  has  shown  that  where,  after  subciitaneous 
injection,  the  blood  will  8how  2  iinits  per  c.  c.  after  6  hours,  it  will  show  20 
units  per  c  c  after  same  period  if  a  similar  injection  has  boen  given  intra- 
venonslj. 

The  same  authority  stronglj  recommends  one  large  dose  instead  of  several 
amall  ones  and  has  supported  his  recommcndation  bj  showing  experimentally 
that,  of  2  animals  injected  subcutaneouslj,  one  vith  1  dose  of  16,000  units 
and  the  other  with  4  doses  of  5,000  units  each  at  8-hour  intervals,  the  blood 
of  the  former  after  a  short  tirne  contained  over  3  times  as  many  antitoxin  units 
to  the  C.  C  It  was  not  until  after  3  day8  that  the  strength  of  the  latter  in  units 
of  antitoxin  to  the  c  c.  of  blood  equaled  that  of  the  former. 

The  doses  recommended  for  children  are  as  follows:  when  seen  on  first 
day,  5,000  to  10,000  units  subcutaneou8ly ;  on  .second  day,  10,000  to  15,000 
units  8ubcutaneously ;  on  third  day,  10,000  to  15,000  units  in1iravenously. 
Even  when  seen  early,  if  the  membrane  is  exten8ive,  involving  the  pharynx 
or  larynx,  intravenous  injections  are  advised.  In  very  severe  or  late  cases 
doses  of  20,000  to  100,000  units  may  be  given  intravenously.  There  is  some 
evidence  to  suggest  that  large  doses  may  separate  the  toxins  from  their  com- 
binations  with  the  cells. 

If  there  is  no  distinct  improvement  in  the  general  and  local  condition  after 
twelve  hours,  it  is  customary  to  repeat  the  dose  or  to  give  a  larger  dose.  Park 
claims  that  if  the  initial  dose  is  of  suffieient  size  this  will  be  unnccessary. 

Ali  children  exposed  should  be  immunized,  the  immunizing  dose  varying 
between  300  and  1,000  units,  depending  on  the  age  and  size  of  the  child.  The 
protection  persists  only  for  from  4  to  6  weeks. 

Active  immunization  has  been  used  with  some  success  for  the  treatment  of 
"carriers"  of  diphtheria  bacilli.    An  autogenous  vaccine  should  be  prepared. 

Djsenterj. — The  bacteria  which  are  regarded  as  causative  factors  in  dysen- 
tery  have  been  divided  into  2  classes,  those  not  fermenting  mannite  and  pro- 
ducing  a  soluble  toxin — ^the  Shiga  type — and  those  fermenting  mannite  and 
not  producing  a  soluble  toxin — the  Flexner-narris  tvpe.  Organisms  belonging 
to  the  latter  type  are  the  ones  most  prevalent  in  the  United  States. 

No  satisfactory  results  have  been  obtained  in  active  immunization  against 
both  type8. 

In  Japan  passive  immunization  with  antidysenteric  serum  prepared  against 
tke  Shiga  type  has  reduced  the  mortality  from  22  to  26  per  oent  to  9  to  12 
per  oent     As  this  organism  produces  a  f  ree  tozin.  '  *  ^ntitozio  in 

nature.    Sera  prepared  against  the  varietj  of  orgr  "      4 
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States,  however,  must  depend  on  bacteriolytic  properties,  as  these  organisiKE^ 
do  not  produce  soluble  toxins.     Therefore,  the  serum  will  be  antibacterial  ancf 
not  antitoxic.     No  definite  beneficial  results  have  been  obtained  from  tbesc 
sera.     More  recently  a  poljr^ralent  serum  bas  been  used  with  some  success^ 
possibly  due  to  antitoxins  produced  against  the  Shiga  bacillus. 

Shiga's  serum  is  given  in  10  c.  e.  doses  repeated  in  '6  to  10  hours  if  neces- 
sary.  The  same  doses  are  given  on  the  second  and  third  days  in  severe  case^? 
but  not  over  20  c.  c.  are  given  in  one  day.  The  sera  against  the  Flexner^ 
Harris  type  have  been  given  in  larger  doses,  up  to  100  c.  c 

Erjsipelas. — Erjrsipelas  appears  to  be  a  self-limited  disease  in  which  vaccine*^ 
leukocyte  extract8,  sera  and  proprietary  preparations  are  apparently  without  any  influ^ 
ence.  In  a  number  of  cases  (95)  observed  by  Erdman  at  Bellevue  Hospital  treated  hy 
vaccines  proparcd  from  stock  cultures,  by  trade  stock  vaccines,  and  by  other  proprietaiy 
bacterial  rcmcHlies,  the  duration  of  the  disease  was  not  lessened ;  the  mortality  remained 
at  the  samo  levol;  there  wa8  no  immunity  against  recurrence,  spreading  or  compUca- 
tions  and  no  chanpje  in  the  subjective  8yniptom8  as  compared  with  the  control  cases. 

Oraves'  Disease  (Ezophthalmlc  Ooiter). — The  hopes  that  were  raised  with  the 
introduction  of  nntithyroid  serum  have  not  been  fully  realized.  The  serum  appears 
to  have  no  iufluoiice  in  many  cases.  Its  8pecificity  bas  been  questioned,  it  having 
been  argiicJ  that  the  precipitate  obtained  when  the  antigen  is  prepajed  as  directed  by 
Bef4)e  eoiitains  salts  of  protein  and  nucleic  acid  instead  of  nucleoproteid,  and  that  the 
antibodies  produced  are  due  to  the  protein  introduced.  If  tried  and  found  to  have  no 
effcct  on  a  given  čase,  the  use  of  the  senun  should  not  be  persevered  in. 

Olanders. — The  disease  is  recognized  under  2  conditions,  one  kiiown  as 
glanders,  in  which  it  involves  chiefly  the  mucous  membranes,  and  the  other 
known  as  farcij,  in  which  the  principal  lesions  are  located  in  the  skin.  The 
causative  organism  is  known  as  the  bacterium  mallei.  The  diagnosis  is  made 
by  airghitination  tosts  and  by  inoculating  male  guinea  pigs  subcutaneously 
or  intraperitonoally  with  purulent  material  or  blood.  In  positive  cases 
enlar^cnicnt  of  the  testicles  follows. 

Mallein,  prepared  along  the  lines  of  Koch's  old  tuberculin,  is  used  for 
(liagn()ati(;  purposos  in  aninials.  It  bas  no  curative  value.  Attempts  at  active 
and  passivo  immunization  have  resulted  only  in  faihires. 

Gonococcus  Infections complement-fixation    test    (8CHWABTZ    and 

McNKiL). — A  polvvalent  antigen  is  prepared  from  various  strains  of  gonococci 
grown  on  salt-free  veal  agar,  neutral  to  phenolphthalein.  Twenty-four-hour-old 
culturos  aro  \vaahcd  oif  the  agar  shuits  with  distilled  water,  and  the  resulting  sus- 
ponsion  is  hoated  for  2  hours  on  the  water-bath  at  56°  C.  It  is  then  centrifu- 
gatod  and  passed  through  a  Bcrkcfold  filter.  Whcn  desired  for  use,  this  antigen 
ia  niado  up  to  0.9  per  cent.  salt  solution  by  mixing  9  parts  of  antigen  with  1  part 
of  9  por  cent.  salt  solution.  The  antigen  is  preserved  in  small  quantities  in 
soalod  tubea  lieatcd  to  50°  C  for  \U  hour  on  3  successive  daya,  Prepared  in 
thia  \vay,  it  \\\\\  kcep  alnioat  indcfinitelv.  It  is  standardized,  if  possible,  with 
a  kno\vu  positive  serum  from  a  elinieal  čase.  If  this  is  not  possible,  inimune 
rabbit  serum  mav  bo  used,  provided  the  minimum  amount  of  serum  which  will 
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completelj  fix  complement  is  used.     The  anti-sheep  hemolytic  sjstem  is  used. 

Immune  rabbit  serum  may  be  obtained   in  the  market.      The  technic  and 

controls  are  much  the  same  as  in  the  Wassermann  reaction,  but  the  reagents  are 

used  in  1/10  the  quantity. 

Schwartz  and  McNeil  regard  the  complement-fixation  test  for  gonococcus 

infection  as  clinicallj  absolutelj  specific  for  the  gonococcus.     The  one  positive 

result  obtained  aside  from  cases  with  gonococcus  infection  was  with  a  highly 

immune  animal  antimeningococcus  serum.    Sera  from  patients  suffering  from 

meningococcic  cerebrospinal  meningitis  have  been  uniformly  negative. 

A  positive  reaction  is  not  to  be  expected  earlier  than  the  fourth  week,  and  then 

oiily   when  such  complications  as  prostat itis,  gonococcus  arthritis,  etc,  have  super- 

vened.    A  positive  reaction  is  not  obtained  when  the  disease  remains  confined  to  the 

anterior  urethra.     A  weakly  positive  reaction  may  appear  in  the  third  week  when 

the    posterior  urethra  has  become  involved.     In  uncomplicated  cases  a  reaction  is 

obtained  only  after  8  week8.    A  complicated  čase  gives  a  -|-+  o^  -\ — I — h  reaction  in 

i  week8.    The  fact  that  the  early  week8  of  the  infection  do  not  give  a  positive  reac- 

tioa  inay  be  of  value  in  differentiating  a  f resh  infection  from  the  recurrence  of  an  old 

oae    apparently  cured. 

In  females  a  positive  reaction  will  not  be  obtained  unless  the  cervix  is  in- 
volvod.  This  is  U8ually  the  čase  in  women  but  is  an  unusual  condition  in 
children,  hence  the  latter  rarely  give  a  positive  complement-fixation  test. 


negative  reaction  should  be  obtained,  as  a  rule,  7  or  8  week8  after  cure.  In 
othp^  word8,  if  a  positive  reaction  is  obtained  7  or  8  weeks  after  a  clinical  cure  the 
pati€?xit  should  be  regarded  as  harboring  gonococci. 

^f  he  tost  is  of  great  value  when  a  bacteriological  examination  fails.  This  is  espe- 
ciall^r  tnie  in  the  female.  If  the  complement-fixation  test  is  negative  and  the  bac- 
^^^^^logical  test  positive,  the  latter  should  be  accepted  only  when  the  proof  is  abso- 
^"^^^    i.  e.,  the  isolation  of  the  gonococcus  culturally. 

Vaccine  and  serum  treatment  of  GONORRHEA.— For   treatment    of 

gouorpbea,  both  vaccincs  and  sera  have  becn  eniployed.     A  polyvalent  stock 

vaoeine  ig  nsually  used  in  an  initial  dose  of  50,000,000  in  the  chronic  cases 

"^^  gonorrheal  involvement  of  joints  and  other  structures.     Many  observers 

ci^itn  some  help  from  the  vaccines.     There  is  general  agreement  that  they 

&^  of  little  or  no  benefit  in  the  acute  proccsses.     Cases  trcated  with  anti- 

gonococcus  vaccine  give  a  8trongly  positive  complement-fixation  test,  showing 

that  antibodies  specific  for  the  gonococcus  are  readily  produced  in  the  human 

Improvement  has  been  reported  in  cases  of  localized  infection,  such  as 

mlvovaginitis  of  children  and  epididymitis.    In  the  former  condition,  however, 

relapscs  occur  just  as  in  the  unvaccinated  cases.    A  shortoning  of  the  course  is 

the  most  definite  result,  but  this  can  be  demonstrated  only  when  a  large  series  is 

considered  and  even  then  it  is  open  to  doubt.     The  organisms,  as  in  the  infeo 
15 


210  ADMINISTRATION   OF   VACCINES   AND    SERA 

tions  of  the  pelvis  of  the  kidney,  are  in  a  position  not  readily  influenced,  if 
reached  at  aH,  by  immune  bodies. 

In  epididvmitis  and  chronic  infections  of  other  adjacent  parts,  such  as  the 
seminal  vesicles  and  prostate,  cultures  form  the  urethra  after  massage  of  the 
prostate  and  vesicles  may  reveal  secondary  infecting  organisms  against  which 
a  vaccine  may  be  used.  It  is  well,  however,  to  control  their  pathogenicity  by 
a  complement-deviation  test.    This  vaccine  should  always  be  an  aiitogenous  one. 

Antigonococcus  senim  has  been  prepared,  along  the  lines  suggested  by 
Torrey,  by  vaccinating  rams  with  various  strains  of  gonococci.  The  serum,  like 
the  vaccine,  gives  no  definite  results  in  acute  cases,  but  some  observers  claina 
benefit  in  the  chronic  cases  and  in  complications  due  to  the  gonococcus.  The 
usual  dose  is  2  to  6  c.  c,  but  larger  doses  up  to  12  to  15  c.  c.  ha  ve  been  used. 
The  serum  has  not  been  standardized,  and  its  action  may  be  due  to  contained 
antigen,  as  the  animals,  probably  deficient  in  their  ability  to  form  antibodies, 
may  lack  the  power  to  combine  the  injected  antigen.  No  antitoxic  power 
has  been  demonstrated.  Serum  sickness  is  prone  to  follow  its  use  and  more 
than  5  to  7  days  should  never  elapse  between  injections.  The  serum  may  be 
purchased  in  the  open  market. 

Hodgkin's  Disease. — Diphtheroid  organisms  (called  corynebacterium  hodg- 
kini)  have  been  isolated  from  the  glands  in  this  condition  and  vaccines  made 
from  them  have  been  used  and  improvement  reported  in  some  cases.  The 
history  of  the  so-called  diphtheroid  organisms  shows  that  at  one  time  or  an- 
othor  they  have  been  regarded  as  the  causative  factor  in  almost  ali  diseases 
of  obscure  origin.  For  this  reason  many  refuse  to  accept  their  association 
with  Hodgkin's  disease  as  anything  more  than  an  incident.  In  judging  the 
value  of  treatment  one  must  not  lose  sight  of  the  many  unexplained  periods 
of  improvement  which  inay  occur  in  the  course  of  an  untreated  čase  of  this 
disease. 

Localized  Infections. — In  angina,  otitis  media,  adenitis,  osteomyelitis,  etc, 
the  causative  organism  should  be  isolated  and  an  autogenous  vaccine  pre- 
pared. 

In  conditions  such  as  these,  in  which  the  causative  organism  is  not  constant, 
every  effort  should  be  made  to  identify  the  bacteria  involved.  In  otitis  media 
usually  several  varieties  are  associated.  The  results  of  vaccine  treatment 
in  this  condition  are  not  very  encouraging,  but  vaccines  may  be  of  help  in 
conjunction  with  efficient  local  treatment. 

Infections  with  Bacillus  of  Inflnenza. — In  chronic  processes  following  an 
acute  influenza  vaccines  of  the  influenza  bacillus  should  be  of  value  if  the 
relation  of  the  organism  to  the  process  can  be  established.  Other  micro- 
organisms  mav  plav'  a  part.  Their  identity  should  always  be  determined  before 
using  a  stock  vaccine. 

Mening^itis, — In  ali  cases  lumbar  puncture  should  be  performed  to  determine 
the  character  of  the  infection.  For  lumbar  puncture  the  space  between  the 
third  and  fourth  lumbar  vertebne  is  the  site  usually  chosen.    This  is  on  a  level 
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with  the  highest  point  of  the  iliac  crests.  The  patient  should  be  lying  on  his 
side  with  thighs  and  neck  8trongly  flexed.  Occasionallj  the  sitting  position 
is  chosen.  In  some  cases  a  slight  degree  of  general  anesthesia  is  necessarj, 
but  usiiallv  a  moderate  degree  of  local  anesthesia  by  freezing  or  cocain  is  suffi- 
cient.  The  spinal  canal  is  reached  at  a  depth  of  1  to  1^1»  in.  (in  children  %  in.). 

The  gross  characteristics  of  the  fluid  are  a  help  toward  diagnosis.  With 
well-marked  sjmptoms  of  meningitis,  a  clear  fluid  under  pressure  suggests  a 
tuberculoTis  process.  When  an  epidemic  prevails,  a  turbid  fluid,  in  the  absence 
of  anv  focus  pointing  to  a  diiferent  cause,  suggests  the  diplococcus  intracellu- 
laris,  and  Flexner-Jobling  serum  should  be  injected  at  once.  Smears  and 
cultures  should  be  made  from  the  fluid,  but  often  a  positive  bacteriologieal 
diagnosis  cannot  be  established  without  some  delay.  The  earlier  the  serum  is 
administered,  the  better  are  the  results.  In  the  presence  of  a  focus  of  in- 
fection,  such  as  a  fracture  of  the  skull  or  an  otitis  media,  smears  and  cultures 
should  be  carefully  examined  for  the  infecting  organism,  usuallj  a  streptococ- 
cus,  pneumococcus  or  staphjlococcus. 

In  treatment  by  serum  the  usual  procedure  is  to  draw  oflF  as  much  spinal 
fluid  as  will  run  ea8ily  and  to  inject  slowly  from  30  to  60  c.  c.  of  anti- 
meningococcus  serum.  In  severe  cases  a  second  injection  may  be  made  in  about 
12  hours,  but  usually  24  hours  elapse  between  treatments.  Subsequent  in- 
jections  depend  on  the  symptoms,  the  appearance  of  the  fluid,  and  the  pres- 
ence of  organisms.  It  is  customary  to  continue  treatment  for  a  day  or  two 
after  organisms  havo  disappearcd,  even  if  the  temperature  has  become  normal. 
A  recurrence  of  the  organisms  in  the  fluid  naturally  calls  for  more  treatment. 
The  serum  is  bacteriolvtic,  bacteriotropic,  and  anti-endotoxic  in  action. 

Vaccination  with  diplococcus  intracellularis  for  curative  purposes  has  been 
inefl'ectual,  but  prophylactic  vaccination  has  met  with  some  success. 

In  cases  of  meningitis  due  to  streptococci  antistreptocoecic  serum  has 
seemed  to  have  a  curative  influence  in  some  cases.  The  procedure  is  the 
same  as  that  outlined  abovo  for  the  meningococcus. 

No  8atisfactory  sera  exi8t  at  present  for  treatment  of  staphylococcic  or 
pneumococcic  infections  of  the  meninges. 

Pyorrhea  Alveolaris. — Cultures  may  be  made  from  the  root  canal  if  the 
nerve  is  dead,  from  the  tip  of  the  root  reached  alongside  the  tooth  or  if  an 
absoess  at  the  root  has  been  dcmonstrated  by  X-ray  bv  incisiiig  the  gum  and 
boring  through  the  bone  of  the  alveolar  process.  The  use  of  a  aiiitable  aiitogen- 
ous  vaccine  in  coniiection  with  local  treatment  scems  to  be  of  benefit  iu  obstinate 
cases.  It  is  in  this  field  that  complement  deviation  \vork  should  prove  especially 
helpful. 

The  8treptococx;u8  viri  da  na  has  been  isolafed  from  a  nuniber  of  cases. 
Pvorrhea  alveolaris  may  furnisli  a  porfal  of  entrv  for  this  organism  into  the 
general  circulation,  at  timcs  with  disastrons  results. 

Considerable  work  has  been  done  in  cstal)lisliinii:  the  rclation  of  this  condi- 
tion,  and  the  organisms  isolated  from  it,  to  cases  of  arthritis  of  obscure  origin. 
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Bacillus  Pestiš  (Bnbonic  Flague). — The  organism  may  be  isolated  from  the 
buboes  or  from  the  blood.  Vacciiies  have  been  used  for  protection  and  treat- 
ment  and  sera  have  been  prepared  and  used.  The  reported  results  show  wide 
variations.  The  prophylactic  use  of  the  vaccine  seems  to  have  reduced  the 
morbiditj. 

Infections  with  Pneumococci. — The  pneumococci  niay  be  divided  into  sev- 
eral  groups  differing  entirely  in  their  immune  reactions.  Immune  serum 
prepared  against  one  group  will  not  protect  against  or  agglutinate  the  mem- 
bers  of  another.  Antipneumococcus  sera  and  vaccines  have  been  tried  exten- 
8ively  in  pneumonia,  but  their  routine  use  cannot  be  advised,  as  their  value 
has  not  been  clearly  established. 

Localized  infections  due  to  the  pneumococcus  may  be  benefited  by  an  autog- 
enous  vaccine.  That  it  should  be  an  autogenous  vaccine  there  is  no  guestion. 
The  initial  dose  may  vary  between  20,000,000  and  100,000,000. 

Many  of  the  so-called  postoperative  pneumonias  aie  realljr  not  true  pneumonias 
but  inflammatory  processes  due  to  emboli.  Their  course  differe  from  that  of  a  true 
pneumonia,  and  the  organisms  in  vol  ved  may  not  be  pneumococci.  The  use  of  an  anti- 
pneumococcus vaccine  in  this  condition  therefore  is  not  rational. 

Fnerperal  Infection. — The  organisms  isolated  from  this  condition  include 
the  streptococcus,  pneumococcus,  colon  bacillus,  gonococcus,  and  bacillus 
aerogenes  capsulatus. 

In  every  čase  a  blood  culture  should  be  made,  as  in  this  way  if  successful  we  may 
be  sure  that  we  are  finding  and  dealing  with  the  causative  organism.  Failing  in  this,  a 
culture  from  the  uterus  may  demonstrate  an  organism  with  pathogenic  properties,  but 
this  latter  method  is  always  open  to  doubt.  In  a  prolonged  local  infection,  however,  the 
use  of  a  vaccine  from  this  sourcc  might  be  justified.  The  indiscriminate  use  of  stock 
streptococcus  vaccines,  however,  cannot  bo  commended. 

Cases  have  been  reported  which  have  been  benefited  by  antistreptococcus 
serum.  The  mechanism  of  the  action  of  such  a  serum  must  bo  bacteriotropic 
and,  as  in  the  čase  of  the  pneumococcus,  the  serum  probably  must  bo  prepared 
against  the  special  strain  involved.  The  indiscriminate  use  of  antistreptococcus 
serum,  therefore,  is  irrational. 

Eabies. — By  vaccination  against  rabies,  immunity  is  established  after  in- 
fection, that  is,  during  the  incnbation  period  of  the  disease.  The  diagnosis  of 
hydrophobia  in  a  suspected  animal  is  made  from  Negri  bodies  in  the  brain 
tissue  or  by  inoculating  an  emulsion  of  the  brain  cord  or  meduUa  into  the 
subdural  space  of  a  rabbit  through  a  trephine  opening.  The  organism  causing 
the  disease  has  not  been  identified.  The  virus  as  administered  in  ali  prob- 
abilitv  contains  the  living  organisms  in  an  attenuated  form. 

According  to  the  method  originally  devised  by  Pasteur,  cords  of  rabbits 
dead  of  the  disease  were  used  in  preparing  the  virus.  These  cords  were  dried 
over  caustic  potash  for  varying  lengtbs  of  tirne.    For  the  first  injection  Pasteur 
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used  a  cord  dried  for  15  day8.  Cords  kept  as  long  as  this  are  now  regarded  as 
practicallj  innocuous.  Various  modifications  of  the  original  procedure  have 
been  made. 

The  scheme  of  treatment  advised  by  the  TJ.  S.  Hjgienic  Laboratory  at 
Washington,  known  as  the  intensive  method,  is  the  one  followed  by  the  Depart- 
ment of  Health  of  New  York  City. 

The  treatment  may  be  administered  by  the  phjsicians  of  the  department  or  it 
majr  be  administered  by  the  patient'8  private  phy8ician,  to  whom  the  department  will 
mail  each  day  the  dose  appropriate  for  that  day.  To  phy8ician8  outside  of  the  city 
who  are  desirous  of  treating  their  cases  personally  the  dose  for  each  day  is  mailed  on 
the  preceding  day  or  earlier  if  nece8sary  because  of  the  distance.  The  preparation  is 
always  administered  subcutaneou8ly  into  the  abdominal  wall. 

The  routine  treatment  covers  21  days.  On  the  firet  day  a  mixture  of  cords  dried 
8,  7,  and  6  days  is  given ;  on  the  second  day  a  mixture  of  4-  and  3-day  cords ;  on  the 
third  day  a  mixture  of  5-  and  4-day  cords;  on  each  succeeding  day  a  dose  is  given 
derived  from  a  cord  dried  from  5  to  2  days.  Only  in  rare  cases  are  l-day  cords  used 
on  eighth  and  twenty-first  days. 


Very  rarely  an  attack  of  paralysis  has  developed  during  the  administra- 
tion  of  the  virus.  These  have  usually  been  mild,  but  some  severe  cases  have 
been  reported.  Many  modifications  in  the  preparation  of  the  virus  have  been 
devised  to  avoid  the  possibility  of  paralysis,  but  their  use  cannot  be  advised  at 
present,  as  their  value,  like  that  of  antirabic  serum,  has  not  been  dcfinitely 
established. 

Acnte  Bhenmatic  Feven — Although  definite  progress  seems  to  have  been 
made  regarding  the  causative  organism  or  organisms  in  this  condition,  it  is 
not  one  at  present  amenablo  to  either  vaccine  or  serum  treatment. 

Scarlet  Fever. — As  the  relation  of  the  streptococcus  to  this  disease  is  not 
clear,  there  is  hardly  any  justification  for*the  use  of  streptococcus  vaccines. 
The  same  may  be  said  of  antistreptococcus  serum,  although  good  results 
have  been  claimed  for  the  latter  by  some. 

Tetanns. — As  is  well  known,  infection  with  the  bacterium  tetani  may  occur 
after  gunshot  wounds  or  any  lacerating  or  penetrating  wound  which  has  been 
contaminated  with  garden,  street  or  bamyard  soil.  As  the  results  of  the 
preventive  use  of  tetanus  antitoxin  are  so  much  more  satisfactory  than  its 
use  as  a  curative  agent,  it  is  the  duty  of  every  phvsician  to  administer  a 
prophylactic  dose  in  ali  such  cases. 

Tetanus  antitoxin  is  prepared  in  the  same  way  as  diphtheria  antitoxin. 
The  dose  for  prophylactic  purposcs  is  from  1,500  to  3,000  units  given  sub- 
cutaneously  as  soon  as  possible  after  the  injurv.  Dependiiig  on  the  riclmess  of 
the  ner\'e  supply  at  the  site  of  injurv  the  period  of  incubation  varies  from  2  to 
14  days,  the  usual  period  being  10  davs.  Once  svniptoins  of  tetanus  have  devel- 
oped, the  disease  must  be  treated  vii2;orously  by  iiitravenous  and  intraspinous 
injections,  as  advised  by  Park  and  ]Xicoll.    The  antitoxin  has  also  been  injected 
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intracerebrally  into  the  lateral  ventricles  through  a  small  needle  introduced 
through  a  trephine  opening. 

Whilo  theoretically  only  the  free  toxin  will  be  neutralized  by  the  antitoxin, 
there  is  some  evidence  that  even  that  which  has  entered  into  combination  witii 
the  nerve  cells  may  be  affected.  This  has  been  explained  on  the  theory  of 
"mass"  action  causing  dissociation.  There  is  clinical  jiistification  for  its  use 
after  aetive  syniptom8  have  developed  in  the  fact  that  the  mortality  in  untreated 
cases  is  from  80  to  90  per  cent.,  while  in  treated  eases  it  is  about  20  per  cent. 
lower.  Recent  results  from  early  intraspinous  treatment  promise  to  reduce 
this  percentage  much  lower. 

In  this  condition,  as  in  diphtheria,  Park  claims  that  24  hours  after  a  single 
large  dose  there  is  a  large  amount  of  free  antitoxin  in  the  circulating  blood. 
While  this  obtains,  subsequent  doses  are  unnece8sary. 

The  possibility  of  tetanus  developing  in  any  given  condition  must  be 
judged  from  the  nature  of  the  injury.  The  bacteriological  diagnosis  after 
8ymptoms  have  developed  may  be  impossible. 

Park  and  Nicoll  make  the  following  recommendations : 

'Tn  every  čase  8trongly  suspected  of  being  tetanus,  from  three  to  five  thousand 
units  of  tetanus  antitoxin  should  be  given  at  the  first  possible  moment  intra8pinally, 
slowly,  by  gravity,  and  alway9,  if  possible,  under  an  anesthetic.  In  order  to  insure  its 
thorough  dissemiuation  throughout  the  spinal  meninges  the  antitoxin  should  be 
diluted,  if  neeo88ary,  to  a  volume  of  from  3  to  10  c.  c.  or  more,  according  to  the  pa- 
tient's  age.  When  fluid  is  drawn  off  previously  to  the  giving  of  the  antitoxin,  an 
amount  of  the  latter  8omewhat  lesa  than  that  of  the  fluid  withdrawn  should  be  given. 
A  number  of  cases  of  'dry  tap'  have  been  observed  in  the  disease  by  those  so  expert 
in  spinal  puncture  as  to  leave  no  room  for  doubt  that  the  canal  wa8  properly  entered. 
In  such  cases  only  a  small  amount  of  tetanus  antitoxin  should  be  injccted  (from  3 
to  6  C.  C.)- 

"It  must  be  remembered  that  in  the  human  type  of  the  disease  there  is  frequently 
a  focus  con8tantly  pouring  out  more  and  more  toxin,  for  which  reason  it  is  probably 
advisable  to  repeat  the  intraspinal  injection  in  twenty-four  hours.  While  unquea- 
tionably  the  blood  will  soon  become  antitoxic  through  the  intraspinal  use  of  antitoxin, 
in  order  to  insure  the  quickest  possible  neutralization  of  ali  toxin8  in  the  tissue  fluids, 
it  would  seem  advisable  to  give,  at  the  same  tirne  as  the  first  intraspinal  dose,  a  dose 
of  10,000  to  15,000  units  intravenously.  A  similar  dose  given  subcutaneously  three 
or  four  days  later  will  insure  a  highly  antitoxic  condition  during  the  next  five  days. 
We  do  not  believe  there  is  any  advantage  in  giving  larger  amounts  of  antitoxin  than 
those  indicated.'' 

Typhoid  Fever. — Antityphoid  vaccination  as  a  preventive  measure  is  es- 
tablished  on  a  firm  basis.  It  was  first  used  extensively  in  India  with  but 
indifferent  success.  The  results  in  South  Africa  during  the  Boer  War  were 
more  satisfactory.  In  the  United  States  army  the  published  results  have  been 
most  striking  and  have  fully  established  the  value  of  the  procedure. 

The  vaccines  used  are  from  culturcs  on  slant  agar,  24  hours'  growth,  the 
organisms  being  killed  at  GO^  C.  This  is  one  of  the  few  conditions  in  which 
the  use  of  stock  vaccines  is  pemiissible.    In  adults  the  first  immunizing  dose  is 
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600,000,000,  given  subcutaneously.  For  the  site  of  tho  injection  the  upper 
arm  or  loose  tissiie  of  the  abdomen,  baek,  or  subclaviciilar  region  may  be  chosen. 
This  first  dose  is  usiiallj  followed  by  2  other  doscs  of  1,000,000,000  each, 
given  at  intervals  of  5  to  7  days.  Depending  on  the  weiglit,  age,  and  condition 
of  the  patient,  it  may  be  nece8sary  to  vary  these  doses  8omewhat.  In  children 
Kussell  advises  that  the  dose  should  bear  the  proportion  to  the  avcrage  adult 
dose  that  the  child'8  weight  bears  to  the  average  adiilt^s  weight  (150  Ibs.). 

The  reaction  to  the  vaccine  varies.  Sometimes  there  is  none.  Usually, 
however,  there  are  headache  and  malaise;  occa8ionally  temperature  of  103°, 
chills,  vomiting  and  diarrhea.  The  local  reaction  may  be  marked,  and  the 
glands  in  the  neighborhood  may  be  enlarged  and  tender.  The  reactions  ii8ually 
come  on  in  6  or  8  hours  and  may  last  2  or  3  days. 

The  dnration  of  the  iiiiiiinnity  conf erred  is  nncertain,  bnt  it  is  believed  to  varj 
between  1  and  3  years. 

In  the  vaccine  treatment  of  typhoid  fever  much  smaller  doses  are  used 
than  those  advised  above.  Reaction  must  be  avoided.  Some  observers  report 
8ati8factory  resiilts,  but  there  is  no  sound  scientific  basis  for  the  use  of  vaccine 
diiring  the  course  of  the  disease.  Post-typhoid  involvements  of  gall-bladder, 
bones,  joints,  etc,  are,  however,  appropriately  treated  with  vaccines  in  con- 
junction  with  suitable  surgical  procedures. 


TUBEBOnUN  THERAPY 

Varieties  of  Tuberculin. — ^Under  the  term  tuberculin  is  included  a  great 
niunber  of  preparations  differing  from  each  other  in  their  physical  condition 
or  manner  of  maniifacture  but  ali  derived  from  cultures  of  the  tubercle 
bacillus.  Some  of  these  are  made  from  the  media  in  which  the  organisms 
ha  ve  been  grown,  while  others  are  made  from  the  organisms  themselves.  No 
tuberculin  is  derived  from  serum. 

Hamman  and  Wolman  have  conveniently  divided  the  various  tuberculins 
into  groups. 

GROUP  1. — Group  1  comprises  the  tuberculins  which  contain  the  bodies 
of  the  tubercle  bacilli,  dead  or  alive,  subjected  to  onlv  phvsical  changes.  This 
group  contains  B.  E.  Behring^s  Vaccines,  Tebeau,  and  Tuberculo-Sero- Vaccine. 

B.  E.  is  the  hacUlen-emuhion  of  Koch  (1901).  For  its  preparation  the 
organisms  are  grovvn  at  bodv  temperatun*  for  (>  or  8  vveeks  in  flat-bottomed 
flasks  in  a  thin  laver  of  slightlv  alkaline  bonillon  mediiini  plus  5  per  cent.  of 
glvcerin.  The  bacilli  are  filtered  otf,  dried,  and  pulverized  bv  grinding.  When 
examination  bas  proven  that  ali  the  organisms  have  bcon  destroved,  1  part  of 
the  powder  is  diluted  with  100  parts  of  distilled  water  and  100  parts  of  glvcerin. 
Thus,  1  C.  C.  contains  0.005  gm.  of  tubercle  bacilli  unchanged,  as  they  have 
not  been  washed  or  submitted  to  heat. 

GBOUP  2. — Group  2  comprises  those  tuberculins  which  are  made  by  ex- 
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tracting  the  tubercle  bacilli  without  any  attempt  whatever  at  the  isolation  of 
the  ultimate  principles.  In  this  group  are  T.  R,,  Beraneck'8  tuberculin, 
von  Ruck'8  tuberculin,  the  aliphatic  tuberculins  derived  from  fatty  substances, 
Krehl  and  ifathes'  tuberculin,  Vasilescu'8  ox;)i;uberculin,  Sciallero's,  Mare- 
dial'8,  Jacob'8,  Benario'8,  Contani'8,  Turmann'8,  and  Rosenbach'8  tuberculins, 
tuberculoplasmin,  frozen  bacilli,  prosperol,  tuberculin  liquid,  and  l8higami'8 
tuberculin. 

T.  R.,  tuberculin  residus  or  nem  tuberculin  (Koch,  1897),  18  derived  from 
young  virulent  cultures  4  to  6  weeka  old  grown  a8  for  B.  E.  The  bacilli  are 
filtered  off  and  dried  in  a  vacuum,  and  1  gm.  of  the  dried  bacilli  is  ground  in  a 
mortar  until  there  are  no  intact  bacilli.  One  hundred  c  c.  of  distilled  water 
are  now  added,  and  the  mixture  is  centrifugated.  The  clear  fluid  is  decanted 
and  i8  known  as  T.  O.  {tuberculin  oberes),  The  sediment  is  again  dripd, 
powdered,  and  again  taken  up  with  a  small  quantity  of  water.  It  is  again 
centrifugated  and  the  fluid  preserved.  This  process  is  repeated  until  the  sedi- 
ment consists  only  of  large  particles.  The  fluids,  with  the  exception  of  the  first, 
are  united  and  20  per  cent.  of  glycerin  is  added  for  preservation — the  volume 
not  to  excecd  100  c.  c.  Each  cubic  centimeter  should  contain  0.002  gm.  of 
solids,  represcnting  0.01  gm.  of  dried  tubercle  bacilli. 

Bcraneck'8  tuberculin  consists  of  equal  parts  of  the  filtrate  of  a  culture  of 
tubercle  bacilli  and  a  1  per  cent.  orthophosphoric  extract  of  the  residue. 

Von  Ruck'8  tuberculin  is  prepared  from  l^odlture  concentrated  in  vacuo 
to  1/10  volume.  After  several  precipitatioia^:^uad  filtrations,  the  preparation 
rffprcHents  a  1  per  cent.  aqueou8  solution. 

OBOUP  8. — Group  3  comprises  preparations  derived  from  culture  fluids. 
In  it  are  O.  T.,  B.  F.,  Jochmann'8  tuberculin,  iron-tuberculin,  tuberculin 
purum  or  endotin,  Jesseu's,  and  Leber  and  Steinharter^s.  Some  of  these 
belong,  also,  in  Group  2. 

O.  T.  is  the  original  tuberculin,  alt  tuberculin  or  old  tuberculin  (Koch, 
1801).  It  was  Koch'8  first  tuberculin  and  was  prepared  by  concentrating 
6  or  8-weok8-old  cultures  to  one-tenth  of  their  original  volume  by  a  current  of 
utoam.  The  conccntration  of  glycerin  having  been  5  per  cent.  in  the  original 
culture  mcdiuin,  is  50  per  cent.  after  evaporation.  The  bacteria  are  removed 
by  filtration  through  a  Chamberland  filter.  The  result  is  the  familiar  brown 
fluid  roady  for  use. 

H.  F.,  or  bouillon  /iltrate,  was  first  prepared  by  Denvs  in  1905.  The 
(culture  is  gr()wn  as  for  O.  T.  Without  having  been  heated  or  concentrated  in 
ariy  way,  the  mixture  of  bacteria  and  culture  medium  is  passed  through  a 
bactoria-proof  porcelain  filter.  This  filtrate  is  used  without  further  prepara- 
tion. 

tTochmann's  tuberculins  are  made  from  organisms  grown  on  a  protein- 
freo  medium.  Thoy  are  no  more  efficient  than  O.  T.,  but  are  claimed  to  be 
loH8  toxic. 

GROUP  4. — Group  4  includes  modifications  which  aim  at  the  isolation  of  a 
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pure  prinoiple,  aa  tuberculol,  tuberculoeidin,  Haeiitjeu'a  tiltraae,  and  tiiberculo- 
□astin. 

Tuberciilol  wa8  made  by  Landmanu  in  tiie  hope  of  conserving  atl  the  Im- 
portant  factors.  The  fragmeiited  bacilli  are  estracted  witii  gljcerin-normal  salt 
sohition  at  increaaing  tem  pora  tii  res  from  40°  to  100°  C.  Thcse  extract9  are 
eombincd  and  conccntratcd.  The  original  ciiltiire  medium  is  concentrated, 
conibiued  with  the  concentrated  extraet3,  and  sterilizcd  by  paasing  through 
porcelain. 

OEOUP  s. — Group  5  conaists  of  tuberculina  in  which  emphaaia  hae  been 
placed  upon  tbe  typo  of  bacillus  to  be  eniplojed:  aa  Spengler'8  tiiberculins 
from  bovine  and  bnman  straina;  the  tuberculina  made  from  avian  or  other 
aoid-faat  bacilli;  Calinette^a  Cl  and  autogenoua  tuberculina. 

The  tuberculina  most  uaed  are  those  of  Koch — O.  T.,  T.  R.,  and  B.  E. — 
Denya'  B.  F,,  and  Beraueck's  tuberculin.  Clinically  there  seems  to  be  no 
rcasou  for  a  preference.  These  variouB  tiiberculins  aro  used  as  vaccinea  in 
attempts  to  dovelop  immnnity.  None  of  thcni  have  beon  shovvn  to  have  any 
direct  bactcricidal  elTecta.  The  devolopment  of  the  inimunity  must  be  judged 
"y  cliuical  Bvmptoma. 

£xperiinental  Observatima,- — The  original  observations  on  which  Koch 
lomijej  his  tuberculin  tltj^^K  wcre  'is  follow8:  Following  inoculation  of  a 
'■ealthy  guinca  pig  with  t^^^Bc  bacilli  there  is  no  reaction  until  10  to  14 
*^'*ys  later,  when  a  small  •^nle  appeara  at  the  aite  of  inoculation.  This 
Oodule  breaks  down  and  uicerates,  and  the  ulcer  persista  until  the  death  of 
•o©  auimal,  If,  however,  the  pig  inoculated  is  tuberculous  (bas  been  siie- 
cesafuljy  infeeted  with  tubuf^lo  bacilli  4  to  6  week8  previou8ly)  a  necrotic  area 
^^'elops  at  tho  site  of  inoculation  1  or  3  dajs  after  the  injection.  This  area 
*  **ughs  ofl",  leaving  a  aballonv  nlcoration  which  heala  rapid]y  without  involve- 
''"^it  of  the  noighboring  ghinda. 

Ile  also  ahovved  thut  killed  tiibercle  bacilli  could  be  injectcd  under  the 
**^'»>  of  a  healthy  pig  in  considerable  quantity  with  the  produotion  of  local 
■^I*piirafinn  as  the  nnly  result,  Tuberculous  pigs,  on  the  contra.ry,  were 
''le<|  in  H  to  4S  houra  by  ainiilur  iujeetious.  B_y  nsiug  smallcr  diisea,  how- 
"*",  he  wn8  iibtd  not  inily  tii  avoid  death  Imt  to  obtain  iniproveuieiit  in  the 
'"*>rt'nlou8  auinials.  lle  reganicd  the  killed  organisms  as  nnsuitable  for 
**•*  iii  bumiiu  beings  uud  dcvised  his  extract  known  as  O.  T.,  urgiiing 
**t      tho     virtue     lay     uot    iu    the     urguuisnis     themseivcs     but     in     their 

P''«Uuct8. 

The  Beaotion.- — Tn  uaing  tnberculin  tlierapentieally  it  is  generally  agreod 

*t  etrong  reactions  are  to  bu  avoided,  lest,  being  uncontrollable,  they  may  be 

^*  8«jvero  aa  to  do  harm.     Tho  agreonient  la  not  univeraal,  howcver,  and  it  ia 

^'^^iblo  to  divido  tbe  uaers  of  tuberculin  iuto  2  eclioola,  one  of  which  aeeka 

^  «Void  ali  reactions  and  auother  which  givea  tuberculin  more  freely,  paying 

"*!*  sli^t  heed  to  alight  reacliona.     Trudeau  and  Sahli  represont  the  former 
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group  and  Petnischskj  represents  the  latter.  Sahli  claims  that  patients  treated 
cautionsly  attain  a  tolerance  as  soon  as  or  sooner  than  those  who  ha  ve  showii 
reactions.  Petnischskj  claims  that  tirne  is  wasted  by  this  method  and  enough 
local  reaction  for  healing  is  not  excited.  Ilamraan  and  Wolman  favor  the 
8lower  method,  but  do  not  confine  themselves  absohitelj  to  it.  They  are 
inclined  to  group  the  patients  into  classes  of  slow,  intolerant  or  sensitive  and 
rapid,  tolerant  or  insensitive.  Attention  is  centered  on  the  patient  and  not  on 
the  dose,  careful  watch  being  kept  for  local,  focal,  and  general  signs  of  a 
reaction.  These  signs  incliide  pain,  tenderness,  or  swelling  at  the  site  of  in- 
jection,  cough,  expectoration,  dyspnea,  hemoptysis,  etc,  as  focal  8ymptoms 
in  pnlmonary  cases,  and  fever,  rapid  pulse,  loss  of  weight,  headache,  etc,  as 
indicating  constitutional  disturbance.  Fever,  loss  of  weight,  and  symptoms  of 
general  depression  are  regarded  as  most  important  giiides  for  dosage.  The 
dose  following  one  giving  rise  to  a  vague  feeling  of  not  being  well  has  so  often 
been  followed  by  a  reaction,  that  stress  is  laid  on  the  general  feelings  of  the 
patient.  "The  smallest  fraction  of  a  degree  rise  in  temperature  above  the 
usual  maximum  is  looked  at  askance,"  and  close  watch  is  kept  for  additional 
signs.  Slight  changes  in  temperature  alone  may  sometimes  be  disregarded, 
but  any  associated  signs  call  for  a  repetition  only  or  even  a  diminution  of 
the  dose  unless  a  definite,  intercurrent,  independent  non-tuberculous  cause 
can  bo  discovered. 

Denys  refuses  to  consider  any  temperature  which  does  not  appear  within 
48  hours  as  due  to  tuberculin.  Hamman  and  Wolman  have  been  so  impressed 
by  the  occurrence  of  a  local  reaction  preceding  the  dose  which  liberates  the 
general  reaction  that  they  are  inclined  to  discredit  an  elevation  of  temperature 
coming  suddenly  in  the  midst  of  an  othenvise  smooth  course,  i.  e.  without  a 
preceding  local  reaction.  This  local  reaction  must  be  watched  for  with  čare 
as  it  occurs  alone  more  often  than  any  other  sign.  It  may  consist  of  tender- 
ness and  redncss  only,  or  there  may  be  infiltration  and  gland  involvement. 
The  dose  should  not  be  increased  if  there  is  any  local  reaction.  Indeed,  even 
the  repetition  of  the  dose  which  called  forth  the  local  reaction  may  cause 
an  undesired  systemic  reaction.  The  safer  proceeding  is  to  give  a  smaller 
dose.  Strict  watch  must  be  kept  for  other  symptom8,  as  fever,  increase  of 
pulse-rate,  loss  of  weight,  dyspnea,  headache,  chilliness,  loss  of  appetite,  sleep- 
lessness,  gastro-intestinal  disturbance,  etc. 

Dosage. — To  avoid  reactions,  the  initial  dose  should  be  small  and  the  tol- 
erance of  the  patient  rather  than  any  arbitrary  scheme  must  determine  the 
size  of  subscquent  doses.  Tn  determining  the  initial  dose,  Hamman  and  Wol- 
man  divide  the  patients  into  3  classes:  (a)  children,  (b)  patients  with  slight 
pyrexia  or  not  in  good  general  condition,  (c)  patients  with  no  fever  and  in 
good  general  condition. 

A  and  B  rcceive  the  smaller  initial  doses  and  C  the  larger  in  the  following 
table.  Only  very  rarely  is  there  a  reaction  to  the  initial  dose  if  this  scheme 
is  followed. 
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TUBKBCULIN 

Initial  Dose 

Maxuial  Dosk 

0.  T 

T.  R 

B.  E 

0.0000001     to  0.000001  C.  C. 
0.000001       "    0.0001 
0.000001        "    0.0001 
0.00000001    "    0.0000001  " 
ofA/32              0.05 

of  H 

1  C.  C. 

2   " 
2   " 

B.  F 

1    " 

Beraneck^s 

1    " 

Preparation  o£  Tubcrculins  for  TJsc. — Tuberciilins  are  prepared  for  thera- 
peutic  and  diagnostic  use  by  dihition  with  0.8  per  cent.  sodium  chlorid  solution 
tp  whieh  has  been  added  0.25  per  cent.  carbolic  acid.  The  solution  should  be 
made  with  pure  sodium  chlorid  and  distilled  water  to  avoid  the  flocculent 
precipitate  which  maj  othenvise  form.  Eight  grams  of  NaCl  and  2.5  c.  c.  of 
carbolic  acid  are  mixed  with  1,100  c.  c.  of  distilled  water.  This  mav  be 
distributed  in  10  small  flasks,  110  c.  c.  to  each,  and  sterilized  by  boiling  for 
15  minutes  on  2  successive  dajs.  The  extra  10  c.  c.  allow  for  evaporation.  For 
holdiug  the  diluted  tuberculin  7  small  bottles  or  vials  such  as  are  used  for  vac- 
cines  are  sterilized  and  numbered  from  2  to  8.  In  each  is  placed  9  c.  c.  of  salt 
solution.  To  No.  2,  1  c.  c.  of  tuberculin  is  added ;  to  No.  3,  1  c.  c.  from  No.  2 ; 
to  No.  4,  1  C.  C.  from  3  and  so  on  through  the  8  bottles.    The  result  will  be : 


No.  2 — 9  C.  C.  salt  solution  1  c.  c.  tuberculin  10  c.  c.  of  which  1  e.  c. 


0.1 


3 

« 

u 

u 

u 

No. 

2 

0.01 

4 

it 

u 

« 

u 

3 

0.001 

5 

u 

u 

u 

u 

4 

0.0001 

6 

u 

<t 

u 

u 

5 

0.00001 

7 

u 

u 

it 

u 

6 

0.000001 

8 

u 

u 

u 

u 

1 

0.0000001 

For  the  sake  of  economy  dilutions  may  be  started  \vith  3,  using  9.9  c.  c 
salt  solution  and  0.1  c.  c.  tuberculin.  The  result  will  be  the  same  as  3  in 
the  table,  and  the  succeeding  dilutions  mav  be  made  as  before. 

Method  o£  Treatment. — Treatment  is  begim  with  the  initial  dose  given 
above.  At  first  the  interval  bet\veen  injections  is  3  to  4  davs.  This  period 
gives  amplc  time  for  the  development  of  reactions.  The  interval  is  increased 
to  1  week  when  the  dose  reaches  a  certain  size:  for  O.  T.  at  about  0.1  c.  c. ;  for 
T.  R.  and  B.  E.  at  about  0.2  c.  c,  and  for  B.  F.  at  about  0.05  c.  c.  Tf  a  re- 
action  does  occur  in  spite  of  ali  precantions,  tuberculin  must  be  stopped  until 
it  has  completely  disappeared.  Tf  reactions  eontinue  to  appear  with  diminished 
dosage,  tuberculin  treatment  mav  liave  to  be  interni ptcd  for  scveral  months. 
Tf  no  symptoms  of  reaction  develop,  tlic  dose  is  increased  reirularlv.  This 
increase  mav  be  convenieutlv  made  \vith  tlio  dilutions  descriluMl  in  tlie  table 
on  this  page.  Beginning-  witli  dihition  S  tlie  paticMit  will  rocoive  0.1  c.  c. 
or  0.00000001  gm.  (1/100,000  \\v^.)  for  tlio  first  doso,  0.2  e.  c.  for  the 
second  dose,  0.3  c  c.  for  the  tliird  dose,  and  so  on  nntil  tlie  tenth  dose  has 
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been  reached.     This  dose  being  equivaleiit  to  the  first  dose  of  dilution  7  the 
latter  is  given  instead. 

It  must  be  borne  in  mind  that  each  dilution  is  10  times  as  strong  as  the  one  imme- 
diately  below  it.  Thus  0.1  c.  c.  of  7  is  equal  to  1  c.  c.  of  8  and  0.2  c.  c.  of  7  is  equal 
to  2  C.  C.  of  8 ;  therefore,  the  second  dose  of  dilution  7  represents  an  increase  10  times 
as  great  as  bas  been  the  rule  when  using  dilution  8. 

When  passing  from  one  dilution  to  the  next,  it  is  wise  in  most  cases  to 
repeat  the  first  dose  of  the  new  dilution  and  on  the  next  dose  to  give  but  ^/o 
the  stronger  dose.  If,  however,  the  patient  bas  been  found  to  be  possessed  of 
eonsiderable  tolerance,  it  niay  have  been  possible  to  increase  the  dosage  by  more 
than  0.1  C  C.  each  time.  If  the  patient  bas  tolerated  an  increase  of  0.3  or 
0.5  C.  C.  in  the  weaker  dilution,  one  may  go  on  with  the  stronger  dilution 
without  repeating  the  first  dose. 

The  limit  of  dosage  is  arbitrary,  the  usual  maximum  for  O.  T.  or  B.  F. 
being  1  c.  c.  and  that  for  B.  E.  or  T.  E.  2  c.  c.  There  is  no  definite  reason 
why  this  dose  should  not  be  exceeded  if  indications  seem  to  warrant  it.  It 
bas  been  claimed,  however,  by  some  observers  that  a  higher  limit  ic  harmful, 
and  it  must  be  admittcd  that  the  above  figures  express  the  average  maximuni 
dose.  The  procedure  varies  when  the  maximum  dose  bas  been  reached.  Some 
continue  with  the  maximum  dose  at  intervals  of  8  to  14  days,  as  long  as  it 
seems  beneficial.  Others  interrupt  the  treatment  for  periods  of  4  to  8  weeks 
or  even  more.  Again  the  patient  is  the  most  sati8factory  guide,  the  cliief 
tendency  being  to  continue  the  maximimi  dose  as  long  as  he  seems  to  be  bene- 
fited  by  it.  In  some  individuals  the  niaximum  dose  may  be  much  lower  than 
the  figures  quoted. 

When  the  patient  is  being  bcnefited  by  tuberculin  severe  reactions  are  absent,  the 
fever  is  favorably  influenced,  cough  and  sputum  diminish,  pains  are  lessened  or  dis- 
appear  and  digestion  improves. 

*  k 

Cutaneous  reactions  have  been  used  in  attempts  to  determine  what  is 
the  maximum  optimum  dose  with  no  reliable  results. 

SITE  OF  INJECTION. — The  subcutaneous  tissue  of  the  back  below  the  angle 
of  the  scapula  is  advised  as  the  site  of  injection.  Fewer  local  reactions  occur 
in  this  situation  than  in  the  arm.  The  subcutaneous  method  is  recommended. 
When  the  injection  is  given  intramu8cularly  or  intravenously,  the  impossi- 
bility  of  observing  the  local  efl'ect  is  a  handicap.  The  oral  route  is  unsatis- 
factory. 

Besults  o£  Tuberculin  Treatment. — The  resiilts  obtained  in  adenitis,  laryngi- 
tis,  eye  aflFections,  bone  and  joint  involvement— ^^perative  and  nonoperative — 
and  many  other  conditions  have  been  encouraging  and  at  times  striking.  The 
usual  hygienic  therapy  must  be  combined  with  the  tuberculin,  and  ali  surgical 
indications  must  be  promptly  met.  It  must  always  be  borne  in  mind  that 
tuberculin  is  only  an  aid,  although  often  a  valuable  one. 
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Sii^^oštio  TJse  of  Tuberculin. — For  subciitaneous  use  for  purposes  of  diag- 
nosiš,  dilutions  3  and  4  of  the  table  on  page  219  are  used.  The  generallj  ac- 
cepted  routine  is  to  give  0.0002  c.  c.  (1/5  mg.)  as  the  first  dose.  If  no  re- 
action  has  occurred  within  48  hours,  0.001  c.  c.  (1  mg.)  is  given.  If  after 
another  48  hours  no  reaction  has  developed,  0.005  c.  c.  (5  mg.)  are  given. 
Failure  to  react  to  the  last  dose  reasonably  excludes  tuberculosis,  but  if  physical 
signs  or  local  symptoms  render  the  presenee  of  a  tuberculous  lesion  very 
probable,  a  dose  of  0.01  c.  c.  (10  mg.)  mav  be  given  after  another  48  hours. 
Failure  to  react  to  this  dose  gives  "added  assurance"  that  the  lesions  are  not 
tuberculous.  It  is  desirable  that  the  series  of  injections  be  given  as  outlined 
above  in  order  to  avoid  the  hjpersensitiveness  to  tuberculin,  which  reaches  its 
niaximum  in  10  to  14  days.  In  average  children  from  8  to  14  years  of  age, 
0.0001  C.  C  may  be  given  as  the  first  dose,  and  0.001  c  c.  as  the  last  dose,  with 
2  intervening  graded  doses.  For  poorly  nourished  children  half  these  amounts 
or  less  may  be  sufficient. 

The  principal  phenomena  of  the  reaction  are  possibly  some  inflammatory 
reaction  at  site  of  injection,  a  sharp  rise  in  temperature  of  varying  degree, 
and  a  fall  almost  equally  abnipt,  general  malaise,  chilliness,  etc. 

Of  the  other  diagnostic  tests  for  tuberculosis,  von  Pirquet's  reaction  is 
produced  by  placing  a  drop  of  O.  T.  on  the  skin  of  the  forearm  or  arm  and 
8carifying  through  it,  as  in  vaccinating  against  srnall-pox.  One  or  two  similar 
scratches  without  tuberculin  are  made  in  the  neighborhood  to  act  as  controls. 
When  the  reaction  is  positive,  an  area  of  hyperemia  or  infiltration  of  varying 
extent  develops  at  the  site  of  inoculation  within  24  to  48  hours. 

The  test  is  chiefly  useful  in  the  diagnosis  of  tuberculosis  in  children  under  4  year8 
of  age.  Up  to  the  age  of  8  a  positive  reaction  has  some  value,  but  in  oldcr  children 
and  in  adults  the  po8sibility  that  an  old  hcaled  lesion  is  responsible  for  the  reaction 
renders  it  unreliable. 

The  Moro  test  is  performed  by  rubbing  into  the  skin  below  the  clavicle  on 
one  side  about  0.1  gm.  of  an  ointment  consisting  of  equal  parts  of  O.  T.  and 
lanolin.  Plain  lanolin  is  rubbed  into  the  opposite  side  as  a  control.  In  a  posi- 
tive reaction  an  area  of  redness,  with  some  papular  elevations,  develops  within 
24  to  48  hours.    The  test  is  less  satisfactory  than  von  Pirquet's. 

Calmette's  conjunctival  reaction  is  elicited  by  dropping  into  the  eye  2 
drops  of  a  solution  made  by  precipitating  tuberculin  \vith  alcohol  and  dis- 
solving  the  precipitate  in  water.  TJsuallj  when  positive  it  gives  rise  to  a 
mild  conjunctivitis,  but  at  times  the  reaction  or  secondary  infection  has  been  so 
Mvere  that  the  test  has  lost  favor. 
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For  the  complement-fixation  test  the  f(>llo\viii<^  substances  are  neces8ary. 
Antigen:    In  testing  for  syphilis,  antičen  'nj  preparcd  from  cither  a  syphi" 
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litic  liver  or  froin  a  normal  heart  or  liver.    In  testing  for  bacterial  diseases  an 
extract  of  the  bacteria  against  which  the  serum  is  to  be  tested  is  used. 

Suspected  fluid :  Serum  from  blood  drawn  from  vein  or  obtained  in  other 
way,  spinal  fluid,  etc.  Blood  serum  should  be  inactivated  by  8xposing  it  to  a 
temperature  of  50°  for  30  minutes. 

Serum  Containlog 
8yphUltlc  Antigen    Syphnitic  AntllMKljr    Ck>inpleinent  Complement  Ck>inbliied 


>  m  <G=[i5 


Fig.  10. — Diagram  to  Iu^ustrate  the  Binding  of  Complement  Which  Takes  Plače  on  Mixing 
Complement  with  Homologous  Antigen  and  Antibody.  (For  cxample,  syphilitiG  antigen  and 
9yphilitic  serum.)     No  free  complement  present. 

Complement:    UsuaIIy  fresh  guinea  pig  serum. 

Red  blood-cells:    Himian  or  sheep  cells,  wkshed  and  diluted. 

Hemolvtic  serum:  (^ontaining  amboeeptor  against  the  red  blood-cells  em- 
ployed.     Usuallj  rabbit  serum. 

In  addition  to  the  suspected  serum  there  must  be,  where  possible,  as  in 
svphilis,  sera  from  positive  and  negative  cases  to  be  used  as  controls. 

83rphllltlc  Antigen       Normal  Serum  Comp.  Ck>mplement  Not  Comblned 


>    rx    G=C]Z^D 


Fig.  11. — Diagram  to  Illustrate  the  Lack  of  Complement  Binding  when  Complement  is 
MixBD  wiTH  Heterologous  Antigen  and  Antibodt.  (For  cxample,  syphilitic  antigen  and 
normal  serum.)     Free  complement  present. 

The  fixation  or  dcviation  of  complement  (Bordet-Gengou  phenomenon)  is 
dependent  on  the  abilitv  of  a  mixture  of  antigen,  antibody  (amboeeptor)  and 
complement  so  to  combiiie  that  when  red  blood-cells  and  serum  capable  of 
caiising  hemolysis  of  those  cells,  because  of  its  hemoljtic  amboeeptor,  are 
added,  the  cells  will  not  be  dissolved.  This  is  because  there  is  no  free  com- 
plement to  combine  with  the  hemolytic  amboeeptor  and  so  activate  it.     The 

8ypli.  Ant       Amb.    Comp.  Red  Cells  Hemol3rtlc  Serum 

s  No  Hemolyal8 
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PJKl*  12. — Diagram  to  Illubtrate  Lack  of  Hbmoltsis  whkn  Red  Cells  and  Hemolytic  Serum 
▲BB  AoDBD  TO  MiXTUR£  Illustrated  IN  FiGURE.  No  free  complement  =  no  hemoly8is;  i.  e..  a 
poditive  reaction. 

complement  has  been  fixed  or  deviated  by  the  original  mixture.  This  devia- 
tion  of  complement  in  the  original  mixture  occurs  only  when  the  antigen  and 
amboeeptor  are  homologous.  This  may  be  illustrated  by  the  Wassermann 
reaction.  Tf  a  mixture  of  syphilitic  antigen,  serum  containing  8yphilitic  anti- 
hodj  (amboeeptor),  and  complement  are  incubated  at  37°  for  1  hour,  the 
reaolt  will  be  as  represented  in  Figure  10,    If  the  serum  employed  contains  no 
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Fj'3>hilitic  antibody  (is  not  homologous),  tho  result  will  be  as  8howii  graphicallv 
in  Figure  11.  If  now  to  the  mixture  depicted  in  Figure  10  hemolytic  am- 
boceptor  and  susceptible  red  blood-cells  are  added,  the  result  mav  be  illus- 
trated  by  Figure  12.  Complement  is  nece8sary  for  tlie  completion  of  hemolysis 
bnt,  there  being  no  free  complement,  the  hemolytic  amboceptor  cannot  act, 
tliere  is  no  hemoly8is,  hence  a  positive  Wassermann  reaction.  If  red  cells  and 
homolytic  serum  are  added  to  the  mixture  depicted  in  Figure  11,  containing 

83ri>lft||ttte  Hemolvtio 

'A.ikt,         Normal  Serum    Comp.  Red  Cells      Hemoljrtlc  Serum         Comp.    Red  Cells     Serum 
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Hemoljrsls 


P*<^-  13. — Diagram  to  Illustrate  Occurrbncb  op  Hemoly8is  when  Red  Blood  Cells  and  Hemo- 
i^TT-Tic  Serum  are  Added  to  Mixture  Represented  by  Figure.  Frec  complement  permit«  hem- 
ol>rsis=a  negative  reaction. 

i^or-nial  serum,  not  homologous,  they  will  find  free  complement,  and  hemolysis 
^vill   occur  as  8hown  in  Figure  13. 

3n  ali  complement  deviation  tests,  aH  reagents  must  undergo  a  preliminary 
t^tjration  shortly  before  using  to  detennine  their  strength,  and  the  test  must 
^  C5arefully  controlled.  Actual  laboratory  expcrience  is  necessary  for  the 
pi"opier  performance  of  the  test  and  for  the  interpretation  of  rcsults.  Wide 
^PF>lication  is  being  made  of  this  reaction,  it  being  used  to  determine  the 
pfc^sence  or  absence  of  antibodies  against  various  organisms  in  obscure  con- 

SERUM  SICKNESS 

Occa8ionally  following  or   even  during   the   course   of  the   injection   of 

•^'^m,  symptoms  more  or  less  alarming  niay  develop.     These  include  chills, 

^^^r,  8weating,  cyanosis,  collapse,  asthmatic  attacks  and  skin  rashesi     While 

"^^     above  8ymptoms  may  appear  shortly  after  the  injection,  serum  sickness 


v 


^^"^  «Ily  develops  8  to  12  days  later. 
-.  The  chief  8ymptom8  which  characterize  the  late  appearing  reactions  are 

^     ^^^3r  and  urticarial  eruptions,  sometimes  accompaniod  by  joint  pains,  rarelv 
•^^      «n  actual  arthritis. 

While  the  above  alarming  phenomena  may  occur  on  the  occasion  of  tho  first 
^*  J  ^?ction  of  serum  they  are  more  prone  to  develop  \vhon  foll<)wing  a  first  injec- 
/~*^~i  an  interval  of  12  to  40  days  is  allowed  to  elapsc  before  a  subscMpient  injec- 
^~^^.    This  condition  of  sensitization  bas  been  termed  anaphylaxis. 

The  generally  accepted  theory  of  serum  sickness  is  that  a  foreign  proteid, 
'*^«n  first  introduced  parenterallv,  is  broken  down  very  sl()wly.  Following  the 
^*it  injection  of  the  foreign  proteid,  there  develop  a  large  number  of  free 
^t.ib()dieH  capable  of  rapidly  breaking  down  tho  proteid  niolocule.  On  the  sec- 
^^^d  injection,  these  antibodies  immediatelv  attack  tlu^  foreign  proteid  and  break 
^^  ^ip  so  rapidly  that  toxic  substances  are  liberated  in  poisonous  doses.     In  the 
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unsensitized  individiial  tbe  process  is  slower  and  the  toxic  substances  are  pra 
ent  ODly  in  small  quaiititie8.    To  avoid  aa  far  as  posaible  tho  dangers  of  seosi 
zation,  injections  should  be  made  at  6-day  intervala  and  special  čare  must 
ezercised  where  it  is  necessarj  to  immunize  persons  aubject  to  aattimatic  attai 

as  they  are  prone  to  bave  a  degree   -^^^ 
sensitization.     To  sucb  patients, 
tirne  waiTant8,  the  intradermic  '"j'  =» 

tion  of  0.01  C.  C.  of  serum  lias  be^^^^ 

advised.    If  they  are  sensitized,  a  t 

cal  inflammatorj  zone  sLould  devel^^=^ 
within  24  houre. 

In  using  sera  intravenousij  p^^^^m 
ticiilar  čare  niiist  be  exercised  to  nc^^^^ 
tlie   development   of   any   avmptnr — - 
snggestiiig  aii  anapbylactic  reactic:^»i^^ 
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Sinee  the  dcveloprnent  of  pote 


Where  thcsc  vi 
covercd  by  thii 
bock  of  the  haiid  ■uuy  be 
fine  Dccdle. 


sera  againet  the  toxins  of  dipbthe  i 
and  tftanus,  numeroiis  atterapta  li^ 
been   made   to   produce   sera   act  ^ 
■  against   other  organisms.      No   i« 
nite]y  active  sera,  bowever,  have  I 
prodiieed  against  many  of  the  cc^  ^n- 
nion  patliogeiiio  organiame,  as,  for    ^^^t- 
ample,  the  pneiimocoeci  and  streg^  —to- 
cocci.    These  organisraa  belong  to   -«=-he 
ciass  prodncing  no  extracellukr  to:^^^'" 
aiid   Bcra  active   against  them  ns-** 
liave  propertiea  otlier  than  antito^c: 
It  13  tnio  that  Bcra  with  defiuite  p^ 
tectivo    propertiea    liave    been    pH 
dticed  by  immiinizing  with  theao  organiama,  but  their  ciirative  Talue  is  n — *"' 
great,  or  they  niav  have  noiic,  particnlarly  wlicn   dirccted  against  cases  ^^^' 
septicemia.     Wliere,  howpver,  tlie  serum  niav  be   broiight  in  direct  contat^^^ 
with  tlie  orgaiiism«,  an  in  inoniii^itis.  umre  clofinite  resiilts  have  been  aeeu.    Th    ^"^ 
activity  of  these  sera  seeins  to  be  dno  to  bactcriolvtic,  bacteriotropic  and  anti  ^' 
endotoxic  antibodics.     A  rather  serioiis  objection  to  tlicir  nse  is  tho  abaence  o^^ 
any  accurate  niethod  for  their  standard  ization.      The  mcthod  appHcable  to  ^ 
the  standard  i  zation  of  antitoxiiis  oannot  be  applicd  to  the  antibacterial  sera. 
To  some  cxtcnt  they   ure  standardized   by  the  estimation   of  their  opsoaio 
power. 
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The  dose  variea  from  10  to  100  c.  c. 

Sera  are  ii8ually  adniiuistered  8iib<;utaneoiis]y  into  tlie  loose  tisaiie  of  the 
alMiominal  wall  or  of  tlie  ba<!k  between  tlie  scapiilfe. 

At  times  intravenoua  administration  mav  lie  adviaable,  Tbe  technic  of 
tHis  proceeding  is  the  same  as  that  for  blood-ciiltnrea.  Tbe  usual  site  is  the 
me<iian  cephalic  or  basilic  vein  (Fig.  14).  A  tourniqiiet  having  lieen  applied 
to  the  iipper  anu,  the  skin  ia  sterilized  and  the  needie  pliinged  into  tbe  veiu 
parallel  to  ita  courae.  Tbe  toiirniqiiet  is  removed  as  aoon  na  the  blood  entering 
the  8yriiige  sbow3  that  tbe  vein  bas  been  entercd,  and  the  serum  is  injected 
sloviv.  Severe  casea  of  undoubted  streptococcus  septicemia  sboiild  have  tbe 
poaBible  benefit  of  1  or  2  dosea  of  a  polyvalent  ant  i  streptococcus  serum,  Tbe 
secoud  dose  may  be  given  in  from  4  to  8  hours.  If  no  beneficial  efFect  haa  been 
"ppareiit  in  24  boiirs,  tbe  serum  is  probabl^v  not  potcnt  against  tbe  infection.  If 
^»rther  aenim  trcatment  ia  attempted,  a  ditlereiit  product  should  be  uaed. 
■»hen  naed  intraspina1[y  for  streptococeic  meningitis,  the  techuic  ia  the,  same 
■8  for  meningitis  dne  to  tbe  meningococoua,  wbicb  see. 

TBANSFUSION  OF  BLOOD 

Direct  transfusion  of  blood  haa  been  naed  in  tbe  hope  of  coafening  pas- 
*^*o    irannn]ity. 

In  chronic  infectiona  good  reaults  bave  beon  reported  follovving  the  re- 

^''^'»tcd  transfusion  of  sniall  aniounta  of  blood  at  3  to  7  day  intervala.     In 

'***s   coiiditiou.  aa  in  pernicious  ancmia,  more  benefit  Becraa  to  bo  dcrived  from 

j^jHiated  small  doaes  than  from  aingle  large  dosea.     Indeed,  tbe  latter  may  do 

"^'■»n  if  vpry  large.     The  anioiinta  transfuaed  vnry  from  200  to  400  c.  c.  at  a 

.    ''le.     A  posaible  fiold  of  usefnlncas  ia  tlie  tranafnsion  of  blood  of  a  normal 

^*^''son  who  bas  been  vacuinated  against  the  organism  infecting  tbe  recipient. 

'*^*la  a  proceeding  could  be  rationaily  naed  in  casea  of  cbronic  endocarditia 

'*li  eepticemia  dne  to  the  Slrepiococcus  viridans,  in  whieh  coudition  vaccinea 

^ar  have  failed. 

In  aH  conditiona  involving  transfnaion,  bcmoljsis  and  a^hitinatinn  testa 
*vild  be  made  on  the  blood  of  donor  and  recipient.     In  casea  of  estreme 
fe'dncy,  as  in  bemorrhagie  disease  of  tbe  new  lK>ru,  wbere  an  immediate  reia- 
18  uvailablo  as  donor,  tbia  niHy  lie  omitted,  bnt  tlio  effect  of  tbe  tranafuaion 
**^t  be  watched  witb  cxtremo  pare. 


DEFENSIVE  FERMENTS  (ABDERHALDEN) 

I  The  8hllity  of  the  eells  of  the  body  to  develop  defensea  against  foreign 

I  ^,  *iiahurmoniouB")  aubatancea  bas  been  made  the  subjeet  of  apecial  inveatiga- 

'^H  bv  Abderbaldeu  and  bis  co-vvorkers,     Accordiug  to  Abderhalden'a  viewB 

^*i«e  defensea  are  of  the  nature  of  fermenta. 
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*'Af'for*]infr  to  our  observations  there  is  not  the  slifirhtest  doubt  that  the  animal 
organ i.mn  iri  not  left  without  means  of  defense  against  disharmonious  substances.  If 
such  prr^luf-ts  make  their  way  into  the  body,  the  latter  seuds  out  defensive  ferments 
that  are  direr-t^fd  against  special  kinds  of  substrates.  Not  only  do  they  effect  the 
df-struction  of  the  »pecifie  eharacter  of  the  parenterallj  introduced  substance  by  means 
of  an  r'Xt^'nsive  df^composition,  but  they  render  possible  the  utilization  of  the  products 
of  the  deconiposition  in  the  general  metabolism.  The  reaction  we  have  demonstrated 
enahlf«  us  at  any  tirne  to  decide  whether  a  certain  substance  is  in  harmony  with  the 
brKly  celi«  or  not.  We  must  distinguish  not  only  substances  that  are  in,  or  out  of, 
harrnony  with  the  body,  but  also  those  which  are  in,  or  out  of,  harmony  with  the  blood 
or  its  plasma,  or  again  with  the  cells.  The  intestine,  with  its  ferments  and  those  of 
its  acce8sory  glands,  decomposes  ali  disharmonious  substances  until  an  indifferent 
inixture  of  only  the  simplest  units  is  left;  the  cells  of  the  gut  walls  and  of  the  liver 
carefully  test  the  absorbed  products  for  ali  substances  that  are  out  of  harmony  with 
the  hody  and  blood.  Moreover,  ali  the  cells  of  the  body  take  čare  that  nothing  shall 
pas«  from  them  into  the  circulation  which  has  not  attained  a  certain  grade  of  de- 
coniposition. For  further  protection,  the  lymph  with  ali  its  complicated  arrangements 
is  intcrposcfl  between  the  cells  of  the  body  and  the  circulation.  Here  everything  is 
t<»Ht<'d  afresh  and  nothing  is  let  loose  into  the  circulation  that  has  not  been  rendered 
harmonious  with  the  blood  and  its  plasma.  .  .  .  The  lymph  is  to  be  considered  as 
a  sort  of  buffer  betwoen  the  cells  of  the  body  and  those  of  the  blood;  as  a  neutral  zone 
in  which  everything  is  assimilated  as  far  as  possible." 

"If  these  view8  are  correct,  it  should  be  possible  to  trace  such  substances  as  are  in 
harmony  with  the  body,  but  not,  with  the  blood  and  its  plasma,  by  demonstrating  defi- 
nitc  ferments.  It  is  quite  conceivable  that,  in  certain  diseases,  the  cells  only  partially 
eff(H?t  the  decomposition  of  the  nutritive  material  and  the  constituents  of  the  body, 
and  that  to  a  certain  extent,  materials  that  are  harmonious  only  with  the  oells  are 
handod  on  to  the  lymph.  The  lymph  would  do  its  best  to  correct  this  failure  by  means 
of  its  l(nikocyte8  and  lymphatic  glands  and  would  attempt  to  decompose  some  of  the 
dJHliarnionious  8ub8tan(;e8  before  they  reached  the  blood.  In  many  cases,  however, 
di8harni()iii()U8  mat(»rial  will  gct  into  the  blood  and  produce  ali  kinds  of  disturbanees. 
We  kn(»w  of  at  least  two  conditions  in  which  disharmonious  substances  undoubtedly 
circulate  in  tlie  blood,  namely,  Beii(?e-Jones'8  albumi nuria  and  pregnancy." 

The  fact  that  chorionic  villi  had  been  demonstrated  in  the  circulation 
sug^eated  the  possibility  that  tliere  might  be  present  in  the  circulation  during 
prefpiaiicy  substances  that  were  in  harmony  with  the  speeies  but  not  with  the 
plasma.  The  presence  of  such  disharmonious  substances  ohould  result  in 
the  setting  free  of  special  ferments.  Expcriments  8ho\vcd  that  such  ferments 
were  constantij  present  and  that  thev  bore  no  rclation  to  the  occasional  pres- 
ence of  chorionic  villi  in  the  circulation.     Abderhalden's  view  is: 

"The  organism  of  the  mother  has  at  its  disposal,  up  to  the  appearance  of  preg- 
nancev, a  ccTtain  aniount  of  cells  of  a  certain  kind  which  ali  hannonize  in  their  metabo- 
lism witli  cacli  othor.  With  eoneeption,  appears  an  entirely  new  kind  of  tissue  with 
particular  dutics.  Althoujirh  the  impregnated  ovum  and  the  developing  placenta,  with 
its  vnriou8  cells,  are  in  liarmony  with  the  speeies,  the  metabolism  of  these  cells  appears 
as  8oini»thinj<:  (luitc  new  and  strange  to  the  complex  of  cells  comix>8ing  the  organism  of 
the  mother.  The  blood  probably  ret^eives  substances — perhaps  also  secretions — which 
are  out  of  harnu)ny  with  the  plasma,  and  remain  so;  and  the  time  is  too  short  for  the 
blood  to  aeeustom  itself  entirely  to  these  new  kinds  of  substances." 
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The  placenta  and  fetus,  according  to  this  point  of  view,  never  settle  down 
completeljr  within  the  organism  of  the  motlier.  Diiring  the  whole  period  of 
pregnancj  defensive  ferments,  whicli  are  able  to  reduce  placenta  albnmin, 
circiilate  in  the  blood.  These  femients  mav  be  denionstrated  within  8  davs 
after  impregnation.  With  the  expiiIsion  of  the  placenta  tlie  ferments  dis- 
appear  fairly  quickly,  14  to  21  day8. 

Abderhalden  is  inclined  to  attribute  the  power  of  producing  these  fer- 
ments to  ali  the  cellular  elements  of  the  blood,  leukocytes,  erythrocytes,  and 
blood  platelets. 

So  convinced  is  he  from  his  own  experience  of  the  specificity  of  the  test 
in  pregnancv  that  he  lays  down  the  following  rule  to  govern  worker8: 

"No  one  should  deal  with  pathological  cases  by  means  of  the  dialy8ation  method 
or  the  optieal  method  who  has  not  given  evidence  of  having  beeii  able  to  produce  100 
per  cent.  of  correct  diagnoses  from  pregnant  and  particularly  non-pregnant  individuals, 
using  placenta  as  his  substrate.  Should  the  technic  of  the  študent  be  found  wanting 
in  this  branch  he  has  not  mastered  the  method." 

Experiinental  Observations. — The  first  experiments  in  snpport  of  the  theory 
that  the  organism  reacted  against  foreign  snbstances  by  the  formation  of 
specific  ferments  were  made  with  dogs  and  rabbits.  White  of  cgg  or  horso 
serum  was  introdnced  either  subcntaneously,  intra-abdominally,  or  intra- 
venouslj.  Abderhalden  regarded  the  following  experiment  as  proving  with 
exceptional  cleamess  that  the  plasma  of  an  animal  specially  treated  actnally 
reduces  proteins.  The  plasma  of  prepared  animals  was  mixed  with  white  of 
egg  and  the  mixture  placed  in  a  dialysation  tube.  Very  8hortly  the  presencc 
of  peptones  conld  be  demonstrated  in  the  outer  fluid  by  means  of  the  biuret 
reaction.  When  the  plasma  of  normal  animals  was  placed  in  the  dialysation 
tube,  no  snbstances  giving  the  binret  reaction  conld  be  demonstrated  in  the 
outer  tube,  even  after  several  days.  When  the  serum  of  specially  treated 
animals  is  mixed  with  albumen  the  nitrogenous  content  of  the  outer  fluid  is 
considerablj  greater  than  when  the  serum  of  normal  animals  and  albumen 
are  mixed.     The  latter  contains  only  nitrogen  diffused  from  the  plasma. 

Methodfl. — In  their  studies  Abderhalden  and  his  co-workers  used  2  meth- 
ods,  one  a  dialy8ation  and  the  other  an  optieal  method. 

The  technic  is  so  complicated  and  a  strict  adlierence  to  the  technic  ao  essen- 
tial  to  success  that  only  an  outline  will  be" given  bere.  For  dctails  the  original 
works  should  be  consulted. 

The  dialysation  method  dependa  on  the  fact  that  albumen,  being  a  colloid, 
will  not  diffuse  through  aninial  menibranes,  while  peptones,  the  first  product  of 
the  decomposition  of  albumen,  are  diifusible. 

If  albumen  is  placed  in  a  dialvsing  tube  and  the  tubo  placed  in  water,  no 
albumen  will  appear  in  the  surrounding  fluid.  If  peptone  and  hvdrochloric 
acid  are  added  to  the  albumen  in  the  tube,  it  wi]]  be  digested  or  broken  down 
and  the  products  of  its  digcstion  will  appear  in  the  surrounding  fluid.     These 
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products  consist  of  peptones  and  other  simpler  corapounds.  Similarlj,  if  a 
flnid  is  to  be  t^sted  for  proteolytic  (albumen  decomposing)  ferments,  it  is 
plaoed  in  a  tube  with  albumen  and  the  surrounding  fluid  investigated  for 
products  of  decomposition. 

The  fluid  to  be  tested  in  this  čase  is  blood  serum.  It  is  obtained  during 
fasting  by  puncture  of  a  vein  in  the  usual  manner,  and  the  blood  is  allowed 
to  clot;  the  serum  is  separated  and  is  then  completely  freed  from  form  ele- 
ments  by  centrifugation.  It  must  also  be  free  from  hemoglobin,  as  its  pres- 
ence  8how8  the  destruction  of  red  cells  and  possible  liberation  of  substances 
reacting  with  ninhydrin. 

The  material  to  be  tested  is  either  an  albuminous  body  or  a  mixture  of 
these  bodies,  i.  e.  an  organ.  It  is  called  a  substrate.  On  its  preparation  de- 
pends  the  success  of  the  process.  It  must  be  absolutely  free  from  blood  and 
must  be  submitted  to  a  number  of  boilings  to  free  it  from  substances  that 
react  with  ninhydrin. 

A  fre8hly  prepared  1  per  cent.  solution  of  ninhydrin  is  used. 

The  dialy8ing  tubes  must  have  imdergone  a  preliminary  testing  for  their 
impermeability  to  albumen  and  uniform  permeability  to  the  decomposites  of 
albumen. 

In  the  optical  method  peptones  are  used  instead  of  albumen.  The  substrates 
are  prepared  as  before  but  require  less  boiling,  as  substances  which  react  with 
ninhydrin  do  not  influence  rotation.  Peptones  are  formed  by  hydrolysis  with 
H2SO4,  which  is  later  removed  by  barium  hydroxid. 

The  peptones  are  mixed  with  the  serum  (absolutely  free  from  hemoglobin 
and  cells)  and  any  ferment  action  is  observed  in  a  polariscope. 

The  test  has  been  employe(l  in  various  conditions  with  considerable  diagnos- 
tic  success.  Abdcrhaldcn  urgcs  the  neces8ity  of  exhau8tive  investigations  of 
diseased  conditions  to  support  tlic  experimentally  ostablished  facts.  Among 
those  on  which  work  has  already  bcen  done  are  cancer,  Graves'  disease,  demen- 
tia  praDcox,  and  general  paralysi8.  References  to  the  important  literature  are 
given  in  the  last  edition  of  Abderhalden's  work  on  the  subject. 


CHAPTER  VII 

ASPIRATION   AND    ASPIRATING    DEVICES   IN    OPEEATIVE    SURGERT 

James  H.  Kenton 

The  surgical  application  of  suction,  thoiigh  of  very  ancient  origin,  has  been 
^ast;ly  improved  and  widely  extended  during  the  last  few  years.  ni8tory  of 
*ftvage  tribes  relates  the  treatment  of  wounds  from  bites  of  poisonous  snakes  or 
^ns^ots  by  suction  produced  by  the  direct  application  of  the  mouth,  or  through 
the  xiiedium  of  a  hollow  bamboo  reed.  Cups,  wet  and  dry,  and  the  various  f orms 
^^  ^spirating  8yringes,  are  familiar  to  ali. 

In  Jiily,  1903,  Kari  Connell  (5)  piiblished  the  description  of  an  aspirating 

*^^ttle  which  he  had  been  using  for  some  tirne  at  the  New  York  Ilospital.     A 

^rn^ll  amount  of  alcohol  is  placed  in  a  strong  gallon  bottle,  shaken,  ignited,  and 

^^^C5T  a  few  moments  the  stopper  is  qiiickly  inserted.     A  clamped  rubber  tube 

^®    f  ^stened  to  a  glass  tube  which  projects  through  the  stopper.     To  the  other 

of  the  rubber  tube  is  attached  the  aspirating  needle.    Of  course,  the  amount 

stiction  is  limited  to  the  capacity  of  the  bottle. 

*The  chief  advance  in  the  surgical  application  of  suction  has  been  due  to  the 

loymcnt  of  an  efficient,  economical,  and  steady  method  of  obtaining  con- 

0U8  suction,  for  hours  or  days  if  neces8ary,  at  the  operative  field  or  at  the 

i^nt'8  bedside.     Further,  to  the  development  of  safe  and  suitable  tips  or 

'^^^^^es  which  quickly  remove  the  fluid  material,  be  it  thick  or  thin,  from  the 

^'"^^'t.^iid  or  sinus,  without  clogging  the  tube,  sucking  the  tissues  or  producing  an 

^^^3  '^^rious  cupping  eifect. 


IDBTHODS  OF  PBODUCINO  SUCTION 

Pomps. — The  required  suction  may  be  produced  in  various  ways,  as  by  the 

^^^^    of  mechanical  pumps — piston  or  rotary,  operated  by  power,  profcrably  a 

^^'^U  electric  motor;  a  falling  column  of  water,  or  some  form  of  the  jet  pump 

^T^rating  on  water,  steam,  or  air,  with  a  pressure  of  20  pounds  or  over,  may  be 

^^ploved. 

MECHANICAL  PUMPS. — Mechanical  pumps  of  the  to-and-fro  or  piston  type 
^^^e  first  made  in  1654  and  are  very  efficient.    The  more  modem  form  consists 
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Fro.  1. — ^A,  Filter  Pump;  B,  Filteb 
PuMP  IN  Section. 


of  several  pumps  placed  close  together  with  a  common  shaft  for  their  pistons, 
thus  giving  a  steadj  suction.  Another  mechaiiical  type  is  the  circular  or  rotary 
pump,  made  on  the  turbine  principle,  a  wheel  with  numerous  blades  or  forms, 
rapidly  turning  in  a  tight  casing.    Ali  of  these  are  driven  by  power,  preferablj 

an  electric  motor,  either  with  a  direet  shaft 
connection  or  through  the  medium  of  a  belt, 
chain,  or  gear.  Practieally  aH  of  the  numerous 
vacuum  eleaners  on  the  market  employ,  efR- 
ciently,  one  or  the  other  of  these  types. 

PUMPS  OPERATED  BT  FLUIDS  OB    VAPOB. 

— Working  on  the  principle  of  the  barometer, 
Torieelli,  Geissler,  Sprengel,  and  Bunsen  de- 
vised  pumps  composed  oi  tubes  through  which 
fluid,  water,  or  mereury  was  allowed  to  fall. 
Each  partiele  of  falling  fluid  aeted  as  a  piston, 
forcing  the  air  out  ahead  of  it,  and  producing  a 
negative  pressure  behind. 

Jet  pumps  are  so  construeted  that  water, 
air,  or  steam,  with  a  pressure  of  20  pounds  or 

over,  rushes  at  high  velocity  through  a  narrow  tube  aeross  an  open  space  and 

into  another  tube,  slightly  larger  than  the  inlet.     These  two  openings  and  the 

space  between  them  are  so  inclosed  that  the  resulting  negative  pressure  may  be 

utilized. 

FILTER  PUMP. — The  filter  pump  (Fig.  1),  so-called  from  its  employment  in 

the  chemical  laboratory  to  hasten  the  filtering  of  chemicals,  is  made  in  different 

styles  and  sizes,  of  which  the  medium  size, 

Chapman,  is  the  best.    This  has  two  fittings, 

one,  threaded,  that  may  be  screwed  on  to 

the  hydrant  or  faucet  similar  to  the  attach- 

ment  of  a  garden  hose,  the  other,  a  rubber- 

lined  ring  that  will  slip  on  a  faucet.    These 

are  made  and  sold  by  the  large  chemical 

supply  houses. 

EJECTOR. — Another   jet   pump,   known 

as  an  ejector   (Fig.  2),  is  of  similar  con- 

struction  to  the  injector  which  is  employed 

to  force  \vater  into  a  boiler.     Of  these  the 

best  type  is  the  Havden  Derbv  or  H.  D. 

Model  C,  No.  1  or  No.  2.     These  operate 

very  well   with   water  or  steam  having  a 

pressure  of  20  pounds  or  over. 

For  use  in  the  operating-room  the  fuU 

strength  of  the  suction  is  desirable,  but  this  may  be  controlled  by  regulating  the 

amount  or  pressure  of  water  or  steam  flowing  through  the  apparatus^     Or  it 


Fio.  2. — A,  Steam  Ejectob;  B,  Steam 
Ejector  in  Section;  a,  inlet;  b,  out- 
let;  C,  suction. 
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inay  be  controlled  by  having  an  opening  in  the  tube  very  nenr  the  tio/.zle.  Air 
rusfaes  into  tbis  opening  and  prevente  any  snetion  at  tho  tip  nntil  tlie  operator 
closea  it  with  bis  finger.  Tbis  is  better  tban  a  valvc,  bnt  neitbcr  is  necessary. 
The  H.  D.  Ejector  Model  C.  No,  1  lias  been  used  contin\ioU8ly  at  tbe  New 
York  Hoapital  aince  1906  and  bas  been  fouud  to  be  most  efficient.  It  may  be 
permaneiitl;  conneeted  with  the  higb  pressure  steain-pipe  in  tho  operating- 
Toom,  one  valve  on  the  iniet  being  ali  that  is  necessarv.  The  outlet,  or  exbauat, 
niay  be  carried  to  some  convenient  flne  or  cbimney  or  out  of  the  window,  the 
essential  point  boing  to  have  no  back  pressure.  The  ojector  may  be  conneeted 
witb  tbe  wateT  pipe,  witb  tbe  outlet  running  into  the  sink.     For  simplicitv, 


Fio.  3. — MmHOii  o: 


D  THE  SUCTION  BoTTt.E  A 


with  no  moving  parts  to  get  out  o£  ordcr,  for  heavy  eontinuous  service  every  day, 
and  for  efficiency,  tbe  preference  is  to  be  given  to  the  ejector  and  tbe  filter 
pump. 

Ketlioda  of  Obtainii^  Snction  in  Privatc  Honses. — For  operations  in  hos- 
pitals  or  private  houses  not  eipiipped  with  tbe  snction  outfit  one  of  tbe  filter 
pumpB  can  be  readilj  and  quickly  uttucbcd  to  some  iirar-by  faurct  nver  vvasb 
basin  or  batb  tub,  from  wbich  a  generous  Icngth  of  stiff  tubing — 10  to  (iO  foet 
or  even  more — ^will  bring  the  suction  to  tbe  plače  desired. 

A  small  electric  motor  and  pump,  or  an  improvised  fitting  on  a  vacuuni 
cleaner,  niay  be  emploved, 

If  tbe  vater  pressure  is  too  lo\v  and  tbe  room  bappens  to  be  one  or  more 
Btories  up,  the  filter  pump  la  conneeted  to  the  fancet  in  the  usnal  manner,  but 
OD  the  outlet  a  rubber  tube  30  feet  long  is  fastened.  the  othcr  end  of  tbis  tube 
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hiTiging  out  of  the  winclow  or  down  the  staircase  to  the  sink  on  the  floor  below. 
Tbi«  fillJTig  oolnnm  of  water,  30  feet  or  more,  produces  the  required  suction. 

OsaBeetioBs  Betweeii  Suction  Pump  and  the  Wound. — The  suction  pipe  is 
««iDerted  with  a  gallon  bottle  (Fig.  3)  under  or  near  the  operating-table  by  a 
sdff  non-collapsible  nibber  tube  or,  what  is  better,  a  tube  composed  of  rubber 
and  fabric  known  to  the  trade  as  pressure  bose.  Frora  a  connecting  tube  in  the 
siopfeT  of  this  bottle  a  tube  5  or  6  feet  in  length  is  led  to  the  operative  field. 
TTiis  tube  mav  be  smaller  than  the  other  but  should  be  f airly  stiflF  and  not  easily 
eoDapsed.  This  short  tube,  with  the  appropriate  nozzle,  is  boiled  with  the  in- 
stnunents  whenever  its  use  is  anticipated.  The  large  bottle  is  emptied  and 
tfaoron^Ij  cleansed  between  operations,  but  not  necessarilj  sterilized,  as  noth- 
ing  passes  from  it  toward  the  wound.  The  tube  from  the  suction  pipe  to  the 
bottle  is  never  contaminated  unless  the  bottle  upsets,  or  becomes  too  full^  and 
its  contents  are  sucked  over. 

For  the  special  use  of  the  anesthetist  to  reraove  secretions  from  the  pharynx 
another  smaller  tube  is  led  from  the  bottle  to  his  end  of  the  table.  There  is 
general  ly  enough  excess  negative  pressure  in  the  bottle  to  permit  these  2  tubes 
to  be  used  at  the  same  time,  but  if  for  any  reason  there  is  not,  one  or  the  other 
must  be  temporarily  clamped  oflF. 

Čare  and  Cleaning  of  Apparatus. — During  the  operation  the  nozzle  should 
be  occasionally  immersed  in  a  basin  of  cold  sterile  water  to  remove  from  its 
interior  blood  and  pus  that  might  otherwise  dry,  clot,  and  occlude  its  lumen. 
At  the  conclusion  of  the  operation  the  tube  is  cleaned  by  permitting  it  to  suck 
up  soap  suds  followed  by  hot  water  and  bichlorid,  after  which  the  tube  is  soaked 
in  bichlorid,  boiled,  or  sterilized  in  the  steam  sterilizer. 

When  and  Where  the  Method  Wa8  Introduced. — This  method  wa8  first  intro- 
dueed  hy  the  author  during  the  service  of  the  late  Dr.  Frank  Hartl^r  at  the  New  York 
Uoffpital  in  April,  1906.  About  the  same  time  George  Laurens  (15)  published  the 
daMTiption  of  a  mastoid  operation,  during  which  suction  wa8  obtained  by  a  filter 
pump,  employorl  to  keep  the  operative  field  clear  of  blood  and  pus.  The  first  cases  on 
irhich  it  wa«  used  were  operations  for  the  removal  of  the  Oasserian  ganglion  for 
tri£aeial  neuralgia,  the  chief  object  being  to  give  a  clear  operative  field  by  removing 
the  eju^etm  of  blood  and  cerebrospinal  fiuid,  thereby  greatly  diminishing  the  amount 
of  tponipng  nece88ary  and  facilitating  and  shortening  the  operation.  The  conditions 
•riiinir  in  this  operation,  namely,  a  deep  opening  with  a  bony  wall  on  one  side  and 
tbe  Htm  dura,  partially  covered  by  a  broad  brain  retractor  on  the  other,  were  such 
ibat  the  •iniplcst  type  of  nozzle  was  the  best. 

Tipi  or  Vozzlef. — Spccially  constructed  tips  or  nozzles  have  been  devised 
to  meet  the  reqiiirements  of  the  various  operative  conditions,  dependent  upon 
tb«  region  and  the  lesion. 

TIPS  MADB  OP  A  8TNGLE  TUBE. — Figure  4  shows  one  of  this  kind,  merely 
A  iumll  metal  tube  about  3  to  5  mm.  (%  to  1/5  inch)  in  diameter;  15  to  20 
mi*  in  Ui  H  inche«)  long;  made  of  soft  malleable  copper  or  aluminimi,  which 
l»My  rettdily  bo  bent  to  suit  the  depth  of  the  wound.    This  is  held  by  the  as- 
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sistant  bo  that  the  tip  is  near  the  bottom  of  the  wound,  either  in  the  anterior  or 
posterioT  comer,  so  as  not  to  obstruet  the  operative  field.  From  tirne  to  tirne,  as 
occasion  requires,  tho  tip  is  lightty  and  quickty  brushed  over  tbe  part  obscnred 
by  blood  or  cerebrospinal  fluid. 

The  principle  of  this  simple,  single,  3oft  metal  tube,  open  on  the  end,  can  be 
applied  whcrever  the  soft  parts  can  be  protected  from  the  cupping  action. 

TIPS  OB  NOZZLES  C0MPO8ED  OP  A  DOUBLE  TUBE. — For  general  use,  and 
particnlarlj  in  the  abdomen,  Figure  5  shovs  the  appropriate  form  of  a  doublo 
tube  designed  by  E.  H.  Pool 

(11).     This  consiatB  of  an,  '^-^  //3 

inner  suction  tube  open  on 
the  end  or  provided  with  2 
■ide  openings  very  near  the 
end,  the  other  end  of  which 
haa  a  coarse  ecrcw  tbread 
eonical  in  shape  for  the  rub- 
ber  tubiag.  The  oiitor  pro- 
tecting  tubo  is  slightly  larger 
than  the  inner  and  is  pro- 
vided with  many  perfora- 
tions  in  its  lower  half  and 
several  larger  openiugs  near 
its  outer  end.  This  screvvs 
into  a  collar  fastened  to  the 
smaller  tube.  This  sievelike 
outer  tube  forms  a  well  into 
which  the  fluid  settles  to  bo 
sucked  out  by  the  inner  tube. 
The.  boles  near  the  outer  end, 
8o  placed  that  the  operator's 
hand  cannot  occlude  them, 
permit  an  inriish  of  air 
which  passes  down  in  the 
Bpace  between  the  2  tubes  to 
the  end  of  tbe  inner  one,  and 
thus  preveuts  the  forination 
of  a  vacnnm  or  any  cnpping  action  on  tho  surroundinf;  tissnos.  This  tube  niay 
be  inserted  anywliere  in  tho  abdomGii  rcf^ardlees  of  the  onientum  or  intestines  and 
without  danpcr  of  daraaging  thcni.  Figure  4,  No.  1,  8howB  the  earlier  form  of 
this  tubo  which  was  provided  with  an  irrigatinij  tube  so  that  irrigation  and 
aspiration  coiild  be  eniploved  sinniltaneoiislv.  AVben  irriiration  is  deaired  it  is 
probab]y  bettcr  to  introduce  tlie  ordiuarv  glass  irrifrating  tip,  eithor  by  the  side 
of  the  Buetion  tube  or  at  some  more  diatant  point,  in  vvhich  čase  the  irrigating 
fluid  bas  a  more  e&teuded  action. 


I.  4. — SntmoK  Tubeb.  No.  1. — Double  tube  for  sbilom- 
inal  work  with  eitra  irriKBtine  tube.  No.  2.'~Double  tube 
(or  Hbdominal  work.     No.  3. — Double  tube  (or  abdominal 
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Fig.  5. — Double  Suction  Tubes.    Same  as  those  in  Figure  4  taken  apart  to  8how  construotion. 


Figure  4,  Xo.  3,  shows  improvised  double  tubes  of  glass.  The  outer  tube  is 
a  perforated  glass  drainage  tube  and  the  inner  a  small  glass  tube  open  only  on 
the  end. 

Figuro  6,  No.  1,  show8  a  simple  raethod  of  construeting  a  double  tube  suit- 


Fio.  6. — Double  Tubes  for  Continuous  Suction  in  Postoperative  Treatment.  No«.  1  and  2. — 
Double  rubl)cr  tubes.  Nos.  3  and  4. — Double  metal  tubes:  a,  the  inner  tube  whioh  by  tuming 
half  way  round  may  be  removed  from  the  outer  tube;  b,  thin,  flexible  metal  strip  whioh  may  be 
bent  to  fit  the  curve  of  the  body. 
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able  for  removing  pus,  blood,  or  other  fluid  from  the  abdomen  or  any  cavitv 
with  surrounding  soft  parts.  The  outer  tube  of  nibber,  about  15  mm.  (3/5 
inch)  in  diameter,  and  15  cm.  to  20  cm.  (6  to  8  inches)  long,  is  fenestrated 
on  every  side  witli  numeroiis  small  openings.  Another  rubber  tube  about  8 
mm.  (!/<{  inch)  in  diameter  and  23  to  25  cm.  (9  to  10  inches)  long,  with 
onIy  the  end  opening,  is  fitted  with  a  snug  rubber  cuflF  which  has  a 
projecting  side.  The  small  tube  is  inserted  in  the  larger  and  the  cuif  fast- 
ened  to  the  larger  by  a  8afety  pin.  By  firmly  holding  the  cuif  the  inner 
tube  may  be  slipped  through  it  inward  or  outward  so  that  its  open  end  is 
about  1.5  to  2  cm.  (3/5  to  4/5  inch)  distant  from  the  end  of  the  outer 
tube. 

TIP  FOR  MOUTH  AND  PHARYNX. — Figures  4  and  5,  Nos.  5  and  6,  8how 
a  tip  designed  by  Dr.  George  M.  Creevey  for  use  in  the  mouth  and  pharynx  to 
remove  mucus,  šaliva,  and  blood  during  anesthesia  or  operations  around  the 
nasopharynx.  It  consists  of  a  small,  short  tube,  open  on  the  end,  near  the  other 
end  of  which  is  a  threaded  collar,  and  beyond  this  a  flange  for  attaching  a  rub- 
ber tube.  A  slightly  larger  metal  cap  with  many  perforations  slips  over  this 
tip  and  screws  on  to  the  collar. 

TIP  TO  BE  USED  AS  A  RETRACTOR. — Any  of  the  single  tubes  that  are  not 
too  small,  as  from  1  to  3  cm.  (2/5  to  1  1/5  inches)  in  diameter,  may  be  used 
as  a  retractor  on  soft  friable  tissue  to  facilitate  its  removal.  The  strength  of 
vacuum  is  sufficient  to  hold  small  masses  of  tissue  or  foreign  bodies  so  that  the 
cupping  action  of  these  various  tips  may  be  utilized.  Fedor  Krause  has  de- 
vised  cupping  tips  of  various  sizes  and  shapes  to  be  used  only  as  retractors, 
applied  directly  to  the  soft  friable  tumor  mass  or  to  a  cyst  wall.  He  has  used 
them  in  this  manner  in  the  removal  of  brain  tumors.  They  may  also  be  used 
to  remove  such  bodies  as  renal,  vesical,  and  biliary  calculi,  and  foreign  bodies 
from  noše  or  ear. 


UŠES  AND  ADVANTAOES  OF  CONTINUDUS  SUCTION 

The  advantages  of  continuous  suction  during  an  operation  may  be  enu- 
merated  as  f ollows : 

(1)  Infectious  material  is  removed  quickly  with  little  or  no  soiling  of  the 
surrounding  tissues,  thereby  lessening  the  danger  of  spreading  the  infection. 

(2)  Less  trauma,  less  sponging,  therefore  less  hcmorrhage. 

(3)  Shortens  the  tirne  of  operation. 

(4)  It  gives  a  clear,  clcan  operative  field  by  removing  šaliva,  mucus, 
blood,  pus,  bile,  urine,  cvstic  fluid,  or  irrigating  fluid. 

(5)  It  furnishes  a  retractor  on  soft  friable  tissue  in  which  a  volsellum  or 
tumor  forceps  would  tear  out,  or  on  a  deep  inaccessible  structure  where  a 
clamp  or  forceps  would  darken  and  obscure  the  operative  field. 

(6)  It  furnishes  a  readv  means  of  removing  foreign  bodies  from  any  of 
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the  tracts  communicating  with  the  exterior  of  the  body  or  from  deep  wounds  or 
cavities. 

(7)  It  aids  the  anesthetist  in  removing  muciis,  šaliva,  blood,  pus,  etc., 
from  the  na8opharynx,  thus  doing  away  with  the  irritative  throat  sponging 
which  oftentimes  increases  the  material  one  is  trying  to  remove.  This  rapid 
removal  of  such  material  lessens  the  danger  of  inhalation  pneumonia. 

(8)  It  decreases  the  amount  of  gauze  required  for  sponging  and  the  num- 
ber  of  pads  and  towels  that  ha  ve  to  be  laundered,  and  at  the  end  of  a  year  will 
be  found  to  have  been  an  economical  feature  in  hospital  management. 

(9)  It  lessens  the  soiling  of  the  operating-table  and  the  operating-roora. 

(10)  Its  application  to  the  sterilizer  removes  the  steam  and  prevents  its 
escape  into  the  room. 


APPLIOATION  TO  VABIOUS  PABTS  OF  THE  BODT 

Head. — During  operations  on  the  scalp  therc  is  no  particular  need  for  sue- 
tion,  but  in  intracranial  proeedures  it  is  most  useful.  For  exploring  the  brain, 
either  before  or  after  opening  the  dura,  or  for  tapping  the  ventricle,  the  blunt- 
pointed  hollow  needle  of  1  or  2  mm.  (1/25  to  2/25  ineh)  in  diameter,  with  two 
side  openings  near  the  end,  is  inserted  to  the  desired  depth.  Its  outer  end  is 
connected  to  the  suction  bottle  with  a  small  rubber  tube,  which  is  cut  across 
about  4  to  8  cm.  (1  3/5  to  3  1/5  inehes)  from  the  needle  and  a  short  glass  con- 
necting  tube  inserted  to  render  visible  the  material  aspirated.  To  control  the 
amount  of  suction  accurately  this  tubing  should  have  a  hole  in  it,  which  re- 
mains  open  and  sidetracks  the  suction  until  the  operator  closes  it  with  his 
thumb  or  finger.  If  it  is  desired  to  save  the  material  aspirated  a  small  steri- 
lized  suction  bottle  of  1  to  2-ounce  capacity  may  be  connected  with  the  tube 
near  the  needle.  The  advantage  of  this  method  is  that  any  degree  of  suction 
may  be  maintained  steadily  or  intermittently  both  during  the  insertion  and 
removal  of  the  needle,  without  the  irregular  jerk  or  slip  that  so  often  accom- 
panies  the  pulling  out  of  the  piston  of  an  aspirating  8yringe.  As  an  adjunct  to 
sponging,  to  produce  a  clean  operative  field,  the  plain  tip  of  soft  malleable 
metal  3  to  5  mm.  in  diameter  (3/25  to  5/25  inch),  bent  to  the  suitable  curve, 
may  be  used. 

This  is  particularly  valuable  when  a  cortical  or  subcortical  lesion  is  being 
exposed  by  the  aid  of  the  brain  retractors,  or  where  the  brain  is  being  retracted 
and  a  clear  field  at  the  bottom  of  one  of  the  cranial  fossse  is  desired. 

Examples  of  these  conditions  are  cortical  or  subcortical  tumors,  cysts  or 
abscesses,  intracranial  neurectomies,  as  division  of  the  second  or  third  branch 
of  the  fifth  nerve,  or  the  sensory  part  of  the  seventh  nerve.  It  is  of  very  great 
aid  in  the  removal  of  the  Gasserian  ganglion  or  the  division  of  its  sensory  root, 
as  it  quickly  and  easily  removes,  without  trauma  to  the  surrounding  structures, 
the  cerebrospinal  fluid  and  blood  which  obscure  the  operator^s  view. 
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Spinal  Cord. — Aspirating  is  extremely  valuable  as  an  aid  to  sponging  in  aH 
operations  on  the  spinal  cord.  The  soft  metal  tube  whicli  can  be  bent  is  the 
appropriate  tip.  This  is  placed  in  the  lower  comer  of  the  wound  toward  which 
the  cerebrospinal  fluid  gravitates.  The  tip  is  held  parallel  to  the  cord  and  a 
slight  distance  from  it,  so  that  there  is  no  danger  of  injuring  the  cord. 

By  this  means  the  field  is  kept  constantlj  clear  with  the  minimum  amount 
of  manipulation  and  sponging  of  the  delicate  cord  tissues.  If  a  tumor  or  cyst 
is  found  in  the  cord  or  in  the  surrounding  structures,  its  contents  may  be 
emptied.  The  cyst  wall  or  the  tumor  can  then  be  drawn  up  with  the  cup- 
ping  tip  and  its  removal  hastened.  Much  less  sponging  is  necessary,  the  time  of 
operation  is  shortened,  and  the  ease  and  accuracy  of  the  dissection  favored. 

Mastoid  Begion. — A  small  malleable  tip  3  mm.  (3/25  inch)  in  diameter  is 
of  ser\'ice  in  mastoid  operations  and  also  in  operations  on  any  of  the  acce8Sory 
sinuses.  With  an  assistant  manipulating  the  suction  tube,  the  operator  can 
work  more  steadily  with  fewer  intermissions  than  are  necessitated  by  frequent 
sponging.  It  has  the  same  advantagcs  in  operations  on  the  accessory  sinuses 
as  in  any  deep  cavity. 

Mouth  and  Fharynx. — The  dissection  of  the  tonsil  is  facilitated  by  this 
method  of  removing  blood  and  mouth  secretions.  Ali  the  operations  on  tlie 
tongue,  nasophar;yTix,  and  larynx  are  made  casier  and  the  danger  of  inhalation 
pneumonia  lessened  by  the  rapid  removal  of  blood,  mucus,  and  šaliva.  Even  if 
the  intratracheal  method  of  anesthesia  is  employed  the  addition  of  the  suction 
renders  a  cleaner  and  clearer  field  possible.  For  clcft-palate  and  harelip  opera- 
tions a  small  catheter  makes  a  verv  useful  tip.  It  may  be  used  intermittcntly  to 
clear  out  the  pharynx  or  it  may  be  inserted  in  one  nostril  with  the  eye  of  the 
catheter  just  below  the  uvula,  and  the  suction  attached  continuously  or  at  in- 
tervals.  In  the  former  casc  eare  should  bo  taken  that  the  opcning  in  the 
catheter  docs  not  become  occluded  with  tissuc  or  blood. 

During  esophagoscopv  and  bronehoscopy  a  long  tube,  either  metal  or  rubber, 
smaller  in  diameter  than  the  bronchoscopc,  may  be  inserted  dovvn  it  to  remove 
secretions.  With  a  suitable  tip  certain  forcign  bodics  may  be  cupped,  and 
drawn  up  through  the  instrument  or  drawn  against  its  end  and  everything  ro- 
moved  at  once.  Foreigri  bodies  in  the  narcs,  pharynx,  or  in  the  extemal  audi- 
tory  can  al  may  be  thus  cupped  and  removed. 

Thorax. — Operations  on  the  heart  or  pericardium,  where  speed,  minimum 
trauma,  and  a  clear  operative  field  are  most  important,  may  be  facilitated  by 
the  employment  of  suction.  Suction  is  also  of  considcrable  aid  in  operations  on 
the  pleura  or  limg,  either  with  the  cabinet  or  the  intratracheal  method,  where 
the  work  is  being  done  in  a  deep  cavitv  vvliich  renders  sponging  difficult  and 
8low.  It  is  especially  useful  in  saceulated  empvenia,  interlobular  abscess,  or 
abscess  in  the  lung.  A  subdia[)lira<iinatic  abscoss  tluit  has  been  approached  by 
going  through  the  pleural  cavitv  uuiv  be  aspirated  absc)lutcly  dry — thus  lesseo 
ing  the  danger  of  infecting  the  tli()rax. 

Abdomen« — Liver  abscess  or  ecchinococcus  evsts  are  quickly  emptied  witl 
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diminished  danger  of  spreading  tbe  process.  The  daughter  cysts  are  sucked  out 
intact,  the  cvst  wall  is  drawn  up  into  an  appropriate  cupping  tip,  and  its  sub- 
sequciit  removal  inade  easier. 

Gall-bladder  and  Ducts. — Tlie  distended  gall-bladdcr  inay  be  quickly  emptied 
without  any  soiliiig  of  the  surroiinding  parts,  and  after  it  is  widely  opened  for 
the  removal  of  ealculi  it  raay  be  kept  free  frora  bile,  thns  favoring  a  thorough 
inspection  of  its  interior  for  other  ealculi  and  for  evidence  of  its  condition 
which  will  decide  the  question  of  its  being  left  or  renioved.  Incision  in  the 
common  duct  is  made  in  a  good  visual  field,  free  from  blood  and  bile,  and 
exploration  of  the  ducts  is  more  easily  performed.  Small  ealculi  in  the  common 
duct  or,  perhaps,  some  distance  up  in  the  hepatic  duct,  may  be  cupped  and 
pulled  out.  Cases  of  ruptured  gall-bladder  are  quickly  relieved  of  the  extrava- 
sated  fluid. 

Stomach. — Extravasated  stomach  contents  from  ruptured  storaach  or  per- 
forated  ulcer  are  easily  removed  with  less  shock  and  irritation  than  would 
follow  sponging  or  washing.  Suction  forms  a  very  valuable  aid  to  inspection 
of  the  interior  of  the  stomach  through  an  incision  in  its  anterior  wall,  as  by  this 
means  mucus  and  gastric  contents  may  be  removed,  preventing  their  escape 
and  subsequent  soiling  of  the  peritoneum,  and  also  giving  a  clearer  field. 

Intra-abdominal  Conditions. — In  intra-abdominal  hemorrhage  from  any 
cause,  as  a  ruptured  ectopic  pregnajicy,  ruptured  spleen,  liver,  or  vessels  from 
penetrating  wounds,  etc,  a  rapid  mopping  out  of  the  larger  clots  with  aspira- 
tion  of  the  fluid  blood  greatly  hastens  the  search  for  and  the  control  of  the 
bleeding  structure. 

When  the  contents  of  any  hollow  viscus  have  escaped  into  the  abdomen  their 
removal  and  the  search  for  the  rent  are  greatly  facilitated.  Iiiflaiiiinatory  cxn- 
dates  in  the  peritoneal  cavity  are  easilj  and  qmckly  removed  with  less  peritoneal 
tranma  than  accompanies  sponging.  Snction  has  been  particnlarly  valuable  in. 
removing  the  pns  of  an  appendix  abscess,  and  f nmishes  a  clearer  field  for  the  sub- 
sequent  removal  of  the  appendix.  It  has  a  similar  f unetion  in  the  operative  treat- 
ment  of  pyosalpinx. 

In  general  i)eritonitis  and  tuberculous  peritonitis  the  exudates  are  quickly 
removed  and  ascitic  fluids  quickly  aspirated  without  trauma. 

Cysts  of  every  description  are  quickly  emptied  of  ali  their  contents,  thus 
favoring  their  removal  through  a  much  smaller  incision  than  would  otherwise 
be  required. 

Genito-urinary  Tract. — Operations  on  the  bladder,  particularly  the  removal 
of  tumors  by  the  transperitoneal  method,  are  pcrfonued  in  a  clearer  field  with 
more  exactness  and  less  soiling  of  the  abdominal  contents  with  urine.  With  the 
suction  tip  the  urine  and  blood  are  removed  as  fast  as  they  appear.  This 
facilitates  the  removal  of  the  growth  or  the  transplantation  of  the  ureter,  should 
these  procedures  be  necessary.  In  prostatectomy  the  suction  aids  in  removing 
urine,  blood  clots,  and  the  fluid  used  in  irrigating.  The  patient  is  kept  far 
drier  than  by  the  older  methods  of  treatment.     Kealizing  the  age  of  these  pa- 
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tients  aiiil  tlie  risks  nf  iniuiiiiioiiia  fi-uin  ex[ioaiir<;,  dumii  f^avineiits,  aiiii  uiinecea- 

sary   maiiipulatiou,  aii.v  procedure  wiiicli  aiiiia  to  minjuiize  tbese  Tiska  asaumOE 

*fae    iitmost  iinportance.     In  operatioiia  on  tlie  kidney  aspiration  is  useful  in  I 

i^Tioviiig  collections  of  pua  or  urine  aroiiiid  the  kidnej,  as,  for  example,  a  J 

pei^iiiephritic  abscess,  Lvdroneplirosis,  and  pyonepliroBis.     A  lubereitlous  kid-  i 

OGy,    in  wliicii  tlie  pareuchynia  haa  been  replaced  by  caseons  material  and  theJ 

caj>sido  oni.v  is  left,  niay  be  complete!y  eniptiod  through  an  aapirating  needle.J 

^»",     fcetter  stili,  a  emall  ineiaion  in  tLe  capsiite  niay  be  mado  through  whicli  tha  % 

'  *  t^ble  eiiction  tip  niay  be  passed.     This  proceilurc  ao  rediieea  the  size  of  the  1 

**^*~i»<3ture  wliich  ia  being  operatcd  iipon  that  a  comparativelj  aniall  skin  ineiaion i 

i  I    suffice  for  the  siibseqHent  stepa  of  the  operation,  drainage,  or  nephrectoiny.  ; 

The  tise  of  suction  rendera  operationa  on  cvsta  or  absceaaea  in  aiiy  part  of  I 

'    liody  niuch  easier  for  the  operator,  of  shorter  duration,  and  therefore  eaaier  I 

■**^     tlie  patient.     There  is  aiso  far  less  soiling  of  the  operating-table  and  room.  ■" 


^NTINUOUS  SUCTION   AND   ITS   POSTOPERATIVE   APPLICATION 

Tor  tliia  purpoac  the  suctiou  inay  bo  ohtaiucd  hy  eniploviug  any  of  the  I 
t-lods  alreadv  nientioned,  although  it  is  more  economioal  to  use  W8ter  in-  j 
^.J  of  ateam. 

Tor  use  in  the  varda  the  aiietion  is  obtaiiied  f  roiii  tlie  moat  convenient  water  I 
^f^*I*I>ly,  gcnerally  in  tbe  adjoining  wash-rooiti.     A  siiiall  qiiarter-iTicli  iron  pipe  j 
*    l«iid  froni  the  aonrce  of  tlio  aiietiou  aloug  tlie  haaehoard  behind  3  or  4-  bcds, 
«-«quired,  with  a  stop  cock  and  hose  connection  opposite  each  bed.    A  few  feet  j 
***^   BtifF  nibber  tnbing  Jeail  from  thia  bose  connection  to  the  anction  bottle  nnder  i 
***^    bed.     The  tnbing  froni  the  bottle  to  the  wound  may  be  amaller  in  diameter 
^"t  fairly  stiff  und  long  enoiigb  to  permit  tbe  patient  to  tum  witbout  distnrbing 
***•     nttacbment  to  the  tip  in  tbe  woHud.     For  thia  reaaon  it  ia  well  to  hgve  thia 
■*t*a  length  reatiiig  in  tbe  bed.    This  tiibiug  should  be  atcnlized  before  iisiug  it. 
Tbe  bottk"  iuay  l>e  of  aiiy  convenient  sizo,  piut,  qnart.  or  gallon,  fitted  witb 
•■  tight  nibber  or  pork  atopper,  through  wbicb  paas  2  raetal  or  glasa  tuhea,  5  to  8 
"'***».  (I/.'  to  1/3  ineh)  in  diameter,  with  a  rigbt  nngle  bend,  ao  that  the  ruhbcr 
*'>l>«8,  dropping  down,   will  not  kink.     Tbcac  tuhes  project  a  ahort  distance 
^***~«uph  the  atopper  into  the  bottle,  2.5  cm.   (1   incb)   for  one,  and  5  em.  (2 
***^lies)  for  tbe  other.    The  shorter  is  eonnected  with  the  anction,  tbe  longer  one 
**t:li  the  tube  frnin  the  woiind.     By  this  arranjreniciit  the  wound  sccrctions  are 
^'■■'^vrnted  frnni  fouling  the  suction  pipe,     The  bottle  ahonld  be  empty  when 
"'*"**t  iisfd.  pn  that  a  record  may  ho  kept  from  tirne  to  time  of  the  amount  ob-, J 
t*»rpH  i 

The  application  of  the  anction  tube  to  the  region  to  be  drained  mnat  be  euch     | 
'■*»at  no  vnrunn  will  be  formed  in  the  wonnd  and  nn  cnpping  aotion  exerted  on 
*«t)  i>iirniiindin<r  aoft  parts.     This  resnlt  ia  ohtnined  by  nsing  a  donhie  tnbe. 
*1)R  ooter  oue  is  fenestrnted  and  of  sncb  a  diameter  and  letigth  aa  to  &t  tbe 
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sinus  or  wound  to  be  drained ;  the  inner  one,  witli  only  an  end  opening  or  two 
small  side  openings  verv  near  the  end,  must  be  smaller  in  diameter  so  as  to 
permit  free  circulation  of  air  between  the  tubes,  and  thiis  prevent  a  vacuum. 
The  inner  tube  must  not  extend  into  the  wound  as  far  as  the  outer  by  1  to  2  cm. 
(2/5  to  4/5  inch).     (Fig.  6,  Nos.  1  and  2.) 

These  two  tubes  may  be  held  in  their  proper  relative  position  by  transfixing 
both  of  them  with  a  large  safety  pin.  This  pin,  with  a  split  gauze  pad  under  it 
and  a  couple  of  long,  narrow  adhesive  straps  over  it,  serves  to  anchor  the  tubes 
in  the  wound.  The  objection  to  this  arrangement  is  that  it  may  be  undesirable 
to  change  the  outer  tube  for  some  time,  whereas  the  inner  tube  raay  require 
frequent  removal  for  cleansing.  This  would  necessitate  the  removal  and  rein- 
sertion  of  the  safety  pin  with  probable  leakage  at  the  punetures.  A  further 
objection  is  that  the  pin  obstructs,  more  or  less,  the  himen  of  the  suction  tube 
and  predisposes  to  its  subsequent  blockage.  To  obviate  these  objections  a  better 
method  is  to  slip  on  the  inner  tube  a  8nugly  fitting  rubber  cuff  about  1  cm.  (2/5 
inch)  wide  with  a  prolongation  on  one  side  about  2  cm.  (4/5  inch)  long.  This 
tongue  extends  down  on  the  outer  side  of  the  larger  tube  and  is  f  astened  to  it  by 
the  safety  pin.  This  double  tube  arrangement  is  sterilized  before  being  in- 
serted  in  the  wound. 

Utilizing  the  same  principle,  I  have  devised  double  metal  tubes  (Fig.  6, 
Nos.  3  and  4)  of  various  lengths  and  diameters  which  are  more  easy  of  applica- 
tion  and  more  readily  removed  for  cleansing. 

The  varied  conditions  for  which  this  method  of  continuous  suction  is  de- 
sirable  readily  suggest  themselves.  For  example,  any  deep  wound  with  difficult 
uphill  drainage,  where  the  patient  is  constautly  suffering  from  wound  absorp- 
tion;  ali  cases  whero  the  discharge  is  irritating  to  the  surrounding  skin,  as  fecal 
fistul«,  pancreatic  wounds,  etc. ;  cases  in  which  the  discharge  is  very  profuse 
and  the  patient  is  made  uncomfortable  by  being  continually  wet  or  is  annoyed 
by  frequent  dressings. 

There  are  many  cases  in  which  the  suction  is  most  valuable  during  the 
dressing  of  the  wound  to  remove  thoroughly  the  infectious  material  from  the 
depth  of  the  wound.  If  irrigation  is  being  employcd,  the  fluid  may  be  sucked 
up  and  carried  into  the  bottle  before  it  runs  over  and  soils  the  patient's  skin 
and  bedding. 

APPLIOATIONS   TO    THE   VABIOtTS  BEGIONS   OF    THE   BODT 

Head. — Infections  of  the  scalp  can  generally  be  drained  sufficiently  by  mak- 
ing  good  generous  incisions  in  the  most  dependent  part,  but  in  a  similar  condi- 
tion  on  the  face  where  the  resulting  scar  would  be  objectionable,  a  small  incision, 
if  supplied  with  the  double  suction  tubes,  suction  being  applied  continuously 
or  intermittently,  will  be  sufficient. 

In  infection  in  the  acces8ory  sinuses  of  the  noše,  frontal,  sphenoidal,  and 
maxillary  antrum,  otitis  media  with  discharge,  suppurating  wound  following 
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W     maatuid  operation  the  secretions  may  be  removed  witlioiit  iruicti  diacomfort  to 
ihe  pHtieut  by  emplojing  a  aingle  rubber  or  metal  tube  of  aiiitable  size  and 
lengtli  to  which  the  siiction  ia  applied  interniittcntiy,     Itere  agaiii  the  conibina- 
I       tion  with  evringing  and  irrigatioii  is  very  effective. 

■  AliBcess  in  the  brain  haa  been  treated  with  rather  poor  results  becauae  of  tho 

I  difficultj  of  securing  good  drainage.  The  proper  appHcation  of  the  auction  will 
H  ba  of  great  value  by  keeping  the  drainage  tract  open  and  at  the  same  time  cora- 
B  plfltftly  removing  the  brokeu  down  material  from  the  depth  of  the  abacess  ^tth- 
W   oat  traunia  to  the  brain. 

Kootb  and  Pharjns. — Ali  operativeprocedures  around  the  moiith,  pharynx, 
o"d  larvns,  as  reinova!  of  tumors  of  the  tongiie,  cbeek,  tonsil,  or  larynx,  and  in- 
oisions  for  qiiinay  or  retropharyngeal  abseess  are  attended  with  considerable 

IT\s]i  of  inhalation  pneumonia.  Tbe  einployment  of  suction  during  the  operation 
"""i,  more  or  lesa  contiuuouHly,  during  the  convalescence  haa  greatly  lesaened 
thiB  danger.  It  haa  added  much  to  the  patient'a  conifort  by  relieving  him  of 
"•*  painful  and  freqiient  9waIlowing  efforts  which  follow  these  operationa.  The 
'ijuriona  mouth  and  wound  secretions  are,  therefore,  not  swallowed  and  do  not 
""^uinutate  in  the  atomach  with  tho  aub8eqiient  bad  effects  from  absorption. 

The  fihort  double  tip  ahown  in  Figure  4,  No.  5,  is  verv  aerviceable  for  thia 
P^"T>ose.  It  may  be  left  in  the  mouth  the  greater  part  of  the  tirne,  or  reinoved 
80a  inserted  aa  required.  It  ia  partieularly  useful  in  removing  tbe  fluid  used 
**  »  mouth  wash  or  gargle,  aaving  tbe  patient  the  effort  of  expectoratiug  it. 

Thoras.^Suction  obtained  in  tbe  above  mentioned  manncr  ia  most  valuable 
'°*"  aapirating  fluid  from  the  pleural  cavitv  or  from  the  pericardium.  Ita  advan- 
'"e®  over  the  more  commonly  used  methods  ia  that  the  euction  ia  Bteady,  may  be 
^'itinued  for  any  length  of  time,  and  ia  eaaily  controlled  withont  tbe  jerky  char- 
■*;tep  peculiar  to  the  amall  aspirating  9yringe.  The  drainage  of  the  pleural 
"^^'iti.-  is  iiiarkedly  favored  by  a  modorate  degree  nf  negative  preaaure.  Tik> 
^^olt  Buction  ia  bad  and  niay  cauae  bleeding  and  cnpping  of  tho  tiasuea.  ,  ^ 

IJv  the  uae  of  a  double  tube  one  can  (;onipletely  remove  the  pus  withont  cup- 
V**^'  the  tiasuea  and  convert  a  verv  diaagreeahle  foul-smeiling  dresaing  into  a 
^^''ple  clean  one,  as  moat  of  the  discharge  ia  collected  in  the  bottle  instead  of  in 
^   gauze  over  the  wound. 

This  form  of  drainage,  though  eseellent  and  many  times  belter  than  tbe 
^»Tiary  short  tubes  opening  into  tbe  dreaaing,  haa  the  same  objeetion  aa  tbe 
"•"ea.  in  that  the  limg  is  not  relieved  of  tbe  atmoapherio  preaaure  and,  aa  a 
^***>lt,  cannot  expand  as  it  ebould. 

T)t.  George  E.  Brewer  has  deviaed  a  short  rubber  tube  vith  a  flange  whicli 
^'•Vos  an  air-tight  fit  in  the  cbeat  opening.  Tbis  tube  la  firmlv  hcld  in  plače 
**y  stripa  of  zine  oxid  adhesive  plaster.  The  opening  in  tbis  tubo  has  a  alight 
^P*r  from  without  inward.  Into  this  tapering  tube  another  aimilarly  ahaped 
"''^  fits  gnuglv  ao  that  there  ia  no  leakuge.  This  tube  ia  long  enoiigh  to  estend 
""»n  to  a  bottle  under  the  bed.  From  thit  bottle  another  tube  leads  to  the  suc- 
tlOD  apparatua,  the  auction  of  which  muat  be  verv  weak. 
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For  this  particular  purpoae  Kari  Connell  Ima  made  a  very  ingenious  appU- 
cation  o£  the  Sprengel  purap,  in  whicli  a  small  amount  of  water  (a  few  drops 
at  a  tirne)  drips  from  a  reservoir  and  flows  through  a  long,  narrow  tube  bent 
in  a  circle  in  its  upper  portion.  Tbe  length  of  tho  vertical  fall  below  tlie  circle, 
together  witli  the  amount  of  water  flowing  through  it,  governs  the  amount  of 
Buction. 

KENTONB  METHOD.— In  order  to  establiah  thorough  drainage  o£  the  pleural 
cflTity  without  disturbing  the  normal  preaaure  relations  on  the  lung  Burface  and  in 
the  air  vesicles,  I  (10)  devised  a  aimple  method  whiGh  was  firat  uaed  at  the  Babiea'  Hoa- 
pital  in  1910.     (Fig.  7.) 

The  drainage  tube  consists  of  fairly  etiff  nibber,  5  mm,  (1/5  inch  inside 
diameter),  the  wall  about  3  ram.  {2/2S  inch)  thick,  and  about  1  m.  (1  yard) 


long.  Near  one  end  of  tbe  tube  a  amall  window  is  cut,  and  over  thia  end  a 
tightl.v  fitting  cuff  of  a  slightly  larger  tube,  about  8  mm.  (8/2.1  inch)  inside 
diameter,  is  sHpped,  leaving  ahoiit  2.5  to  4  cm.  (1  to  1  3/5  inchea)  protruding — 
]U9t  enoufrh  to  penetrate  the  chest  wall.  A  pieoe  of  tape  10  cm.  to  15  cm.  (4 
to  6  inchea)  long  with  a  hole,  prcferably  buttonhole  stitcbed,  in  ita  center, 
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18    threadcd    over    the    tiilie    <]iiwn    to    tbe    ciiff,    which    prevents    it    from' 
^iippiiig. 

Tliis  nibber  tube  ia  coiiiiected  witli  a  glasa  tulre,  whicli  passes  throHgh 
*  »topper  (lown  to  the  boltom  of  a  bottle  of  aboitt  500  c.  c.  capacitj. 
rbroiigb  the  stopper  tbsre  is  aiiother  ahort  tube,  luakiug  a  device  siratlar 
to  the  "wash  bottle"  used  in  the  chemical  laboratory.  A  notch  in  the  side 
of  the  atopper  wiU  serve  the  purpose  of  admitting  air  as  well  ae  thia  second 
tube. 

The  bottle,  stopper,  tube,  and  tape  are  sterilizeH  eitber  by  boiling  or  in  tbe 
ste&m  sterilizer.  This  Btcrile  bottle  is  tben  filled  to  oiie-qiiarter  or  oue-tbird  of 
its  capacity  with  warm  stcrile  salt  solution  or  sterile  water,  and  the  stopper 
inserted.  ^^ 

The  iiiethod  of  iiiserting  this  tube  into  the  pleiiral  cavitv   is  as  follow8''|^| 
■■■'ter  ihe  ojierative  field  haa  been  paiuted  with  tinrt.iire  of  iodin,  the  aspirating  ^H 
''®^*ile  ia  inserted  to  locate  the  pus.     Novorain  anesthesia  in  the  skin  surroimd- 
"*fC    the  aspiratiug  needle,  which  ia  left  in  position,  or  a  light  ether  anestheaia 
"^^y   be  employed  before  au^thing  further  is  done.  ^_ 

-A  narrow  bladed  knifc  is  inserted  aloug  the  side  of  the  needle,  between  it^^| 
***«i    tbe  upper  margin  of  the  rib  below,  until  it  penctrates  the  pleural  cavity.  ^H 
*tJj  the  knife  in  this  position,  a  short  Jncision  parallel  to  the  rib  ia  mado,  the 
"^  'f  e  ia  theii  witbdrawn  and  an  artery  clanip  inserted,     The  needle,  which  up 
*~*   tliia  tinio  haa  acted  aa  a  guido,  ia  now  withdrawn,  and  the  artery  ciamp  opencd 
"^    stretch  the  opcning  juat  euongh  to  admit  of  the  tube  being  crowded  in,     The 
^^  •>«  makes  an  air-tight  fit  with  this  opening  and  cannot  alip  further  in  because 
*     *lie  riibber  ciiff,  and  cannot  slip  out  becaiisc  the  bnttonholcd  tape,  which  is 
^^toned  to  the  chest  wall  with  adhesive  plaster,  firmly  holds  tbe  outer  edge  of  ^^J 
^^     cufT.     A  small  split  gauze  pad   snrrounds  the  tubo  and  completes  tha^^| 
'**-«ssing.  ^ 

Iho  other  end  of  this  tnhe,  as  mentioncd  before,  is  connccted  with  the 
~*^t*-le  vvhich  ia  placed  on  tJie  floor  or  auspcnded  nndcr  the  bed.  The  fluid  in 
^™^  Imttle  movea  up  and  down  in  the  tube  with  the  rcspiratorv  movomenta.  The 
P*'«    froni  the  pleural  cavitv  runa  down  the  tnhe  and  niixes  with  the  fluid  in  the  ^^ 

]f  the  diacharge  ia  very  thiek  and  it  ia  deairable  to  tbin  it  or  to  irrigate  the  ^H 
"  '^^iral  cavity,  tbe  bottle  is  elevated  to  the  level  of  the  eheat  or  alightlj  higher 
^^*l   tilted  over  aomevfhat.     This  eauaea  the  warm  sterile  water  or  aalt  aolution 


V> 


*^in  from  the  bottle  into  the  chest,  and  vfhon  the  bottle  is  lowered  tbe  fluid, 


'****«!]  with  the  pleural  exudate,  nms  back  agaln  into  it.     When  the  fluid  does  ^H 
^'**  niove  lip  and  down  in  the  tube  during  respiration  or  when  the  amall  dreaaing  ^H 
"**^om(!S  soiIc<l  it  meana  U8ually  tbat  tbe  tid»e  ia  blocked.     It  ia  well  to  have  a     ^^ 
***p]icate  set  of  tiibes  and  bottle  sterilizod  so  that  a  coniplete  change  may  be 
^■\vk]y  made. 

The  fluid  in  the  bottle  ia  renewed  as  often  aa  ncceasarv,  perbaps  every  2  or 
r  po8sibly  only  two  or  three  timea  a  day.     Before  changing  the  fluid  it 
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is  well  to  put  a  clamp  on  the  tube  and  also  to  avoid  touching  or  contaminating 
the  stopper  and  that  portion  of  the  tube  which  is  within  the  bottle. 

When  for  several  days  there  has  been  little  if  any  discharge  in  the  bottle, 
with  a  normal  temperature  and  pulse,  the  tube  is  completely  removed  and  the 
opening  in  the  chest  wall  closed  with  adhesive  plaster.  In  a  few  cases  there 
mav  be  after  this  a  retum  of  fever,  inereased  pulse  rate,  and  physical  signs 
of  fluid  in  the  chest,  necessitating  a  reintroduction  of  the  tube  for  a  tirne.  The 
above  method  has  been  most  satisfactorjr  for  very  young  children — from  a  few 
months  to  2  years  old. 

For  older  children,  for  adults,  or  for  cases  with  large  masses  of  fibrin  or 
dense  adhesions  that  should  be  removed  or  broken  up,  the  ordinary  method  of 
rib  resection  must  be  employed,  but  even  in  these  cases  the  same  principle  may 
be  used.  Here,  of  course,  the  opening  must  be  sutured  down  so  as  tightly  to 
surround  the  tube,  and  a  somewhat  larger  tube  used  after  completing  the  intra- 
thoracic  manipulations. 

The  advantages  of  this  method  are : 

(1)  A  simple  operation,  ea8y  to  perform. 

(2)  No  shock,  due  to  the  simple,  quick  operative  procedure,  to  the  8low  escape  of 
pus  and  8ubsequent  gradual  change  of  intrathoracic  pressure,  and  to  the  absence  of 
pneumothoraz. 

(3)  The  single  gauze  dressing  which  does  not  require  frequent  changing,  as  there 
is  practically  no  leakage  around  the  tube.  This  greatly  lessens  the  danger  of  serious 
and  often  fatal  mized  infeetion  of  the  pleura. 

(4)  Convalescence  is  much  shorter. 

(5)  Patients  are  far  more  comfortable. 

(6)  This  method  is  particularly  applicable  to  young  children,  where  with  the 
older  mcthods,  as  is  well  known,  the  mortalitj  is  alarmingly  high. 

(7)  Drainage  is  Yery  efficient,  as  the  discharge  is  continually  thinned  and  diluted 
by  mixing  with  the  warm  sterile  salt  solution. 

This  method  seems  to  be  ideal  for  the  treatment  of  pneumothorax,  whether  patho- 
logical  or  traumatic.  The  steps  of  the  operation  are  just  as  described.  The  re8piratory 
movements  force  the  air  from  the  pleural  cavity  down  through  the  tube  to  escape  at  its 
lower  end  and  bubble  up  through  the  sterile  water.  A  column  of  water  now  ascends 
in  the  tube  a  varying  distance,  thus  preventing  any  air  entering  through  the  tube. 
The  intense  dy8pnea  and  cyano8i8  which  accompany  these  traumatic  cases  are  in- 
8tantly  relieved  and  the  lung  is  enabled  to  work  under  nearly  normal  conditions  until 
nature  or  some  operative  intervention  repairs  the  damage.  This  method  is  very  satis- 
factory  for  use  in  any  operation  in  the  thorax  performed  with  the  aid  of  the  intra- 
tracheal  insufflation  or  the  cabinet,  where  it  is  desired  to  drain  for  a  short  tim&  If 
both  pleural  cavities  have  been  opened,  they  may  both  be  drained  in  this  manner 
without  any  danger  of  the  lung  coUapsing. 

• 

Abdomen. — Continuous  suction  may  be  applied  to  various  conditions  in  the 
abdomen,  as  has  been  demonstrated  in  cases  of  the  f ollowing  conditions :  abscess 
under  the  diaphragm  or  in  the  liver ;  echinococcus  cysts ;  gall-bladder  drainage 
or  sinus  leading  down  to  the  biliary  ducts ;  wounds  following  operations  on  the 
pancreas ;  intra-abdominal  abscess  from  any  cause ;  appendicitis ;  diverticulitis ; 
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or  salpingitis.    A  deep-seated  abscess  in  the  pelvis  from  an  appendix,  fallopien 

'iiIh?,  riiptiired  bladtler,  nr  fractured  pelvic  bone  is  particular]y  anieuable  to 

sueti^n.     Tlie  double  tubes  witb  the  continuoiis  siiction  keep  tbe  wound  clear 

Jowii  to  the  very  bottom,  lessen  absorption,  and  favor  the  bealiii^.     The  dia- 

t-ijai-ge  is  in  this  wa_y  prevented  froni  coming  in  contact  with  the  skin^which 

coDdition  iL8uaIly  givea  rise  to  a  Iroiibleaome  dermatitis.     Thia  is  particularly 

i»"ip<3rtaiit  in  feeal  fistula!  and  in  sinuses  discharging  bile,  pancreatic  secretion, 

o«"    »irine. 

Some  quite  remarkable  results  have  been  obtained  in  the  treatment  o£  fecal 
fistttlfiB,  wliere  tbe  irritating  discharge  has  prodnced  a  most  acute  eozematouB 
^•^^'a <iition  over  a  large  area  of  the  abdominal  skin  which  did  not  respond  to  any 
•""^»itiiient  and,  from  its  intense  irritation,  kept  the  patient  in  a  wretched  con- 
"ition,  The  application  of  the  short  double  tubes  which  penetrated  the  wound 
***^1>*  a  few  ceutimpters  or  reallv  reated  in  the  depression  of  the  wound  served 
*<^  o-ollect  ali  the  dischargc  as  sooii  as  it  nppeareil  and  to  i'onvpy  it  to  the  bottle. 
*  li«2  skin  condition  rapidlv  cieared  iip  in  a  t'ew  days,  the  general  health  im- 
I****>^?"ed  corre8pondingly,  and,  with  strapping,  the  fistula  hpaled. 

"^Vhen  one  desires  to  heal  an  opening  in  a  holIow  viscus,  aa  the  gall-bladder, 
"""^Harv  bladder,  or  the  intestinea,  the  ahort  double  tube  which  inerely  pene- 
**"^t«s  tbe  skin  and  eubcutaneouB  tissue  ehould  be  emploved.  This  in  no  way 
^*^*i<3era  nature'3  atteinpts  at  repair.  The  patient's  comfort  is  greatly  increased 
***<i  hia  rest  undisturbed  by  eliminating  the  frequent  dreaainga  which  are 
E^*ierally  required  in  tbe  caaea  in  whicb  the  diacbarge  is  profuse  or  offen- 

Tn  Huprapubic  proatatectomy  the  bladder  is  often  drainod  by  means  of  a 

B«*<:Kl-sized  nibber  tube  tightly  sntured  in  the  wound  hy  3  or  -1  pnrae  string 

^^tvirea  or  2  or  H  row8  of  llnear  antnrea.     Thia  tnbe  ia  earried  over  the  aide  of 

*■>«    hed  into  a  bottle.     Thia  inethod  ia  quite  aatisfactorj  and  doos  not  require 

*Uc!tion,  but  it  ia  netressarv  that  the  autiirea  be  water-tight,  and  gn>at  čare  must 

"^  taken  that  the  tnbe  d()es  not  become  occliided  with  blo<jd  clota,    \Vhen.  after 

**^*xje  (lay8.  thia  tnljo  is  removed,  there  is  for  aome  tirne  considerable  leakage  of 

'^fa  »10.    This  makes  the  patient  most  nncomfortable,  particu]ar]y  at  night,  aa  tbe 

^■■**<ju(!nt  changing  of  the  pada  distnrbs  hia  rest.     Ali  thia  may  be  avoided  by 

*'*»<?rting  a  amall,  short,  double  tube  as  aoon  aa  theoriginal  one  ia  removed, 

'*'*"appi(ig  th(^  wound  aronnd  it  aiid  Hpplyiiig  the  suction,     Tliis  dopa  not  neiM'«- 

"**">!?  confinc  tho  patient  to  the  bed,  as,  with  a  anificient  length  of  tubing,  he 

^*Jf  be  up  and  aronnd  the  room- — ^yet  ahgolutely  drv.     The  double  tube  with 

^'*'3  Riictiou  mav  Im?  i^mploved  from  the  firat.     In  this  pase  the  larger  outer  tube, 

'^^lier  rubber  or  metal,  should  have  onlv  the  end  opening  without  any  side 

'itwiows.    It  shonld  estond  some  disfance  into  the  bladder,  about  ha!f-way  down 

^  the  rcgion  from  whieh  the  prostate  waa  removed.     Thia  tube  is  sntured  in 

pWe  as  de8cril>ed  above,  and  within  it  is  placed  tbe  amaller  auction  tnbe.    This 

'lUHff  one  ahouhl  be  large  enough,  however,  to  remove  the  clots. 

Rv  means  of  thie  suetion  the  bladder  never  becomea  more  than  half  full, 
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with  tlie  result  that  thore  is  no  pressure  on  the  suture  line,  and  consequeutly  a 
more  rapid  and  firmer  union. 

Tliis  is  especially  important  wliere  there  has  been  an  exten8ive  suturing  of 
tlie  bladder  after  the  removal  of  a  tumor  or  f rom  a  rupture  of  the  vesical  wall 
or  where  the  ureter  has  been  transplanted.  In  ali  these  cases  a  comparatively 
empty  bladder  favors  a  more  rapid  and  stronger  healing. 

USE    IN   PBODUOTION   OF   HTFEBEBIIA 

Another  use  for  suetion  obtained  in  this  manner  is  its  application  to  the 
Tarious  cups  and  apparatus  designed  by  Bier  for  the  production  of  hyperemia. 
These  may  be  exhausted  to  any  degree  of  vacuum  desired  and,  if  provided  with 
a  stop  eock,  several  may  be  employed  at  the  same  time. 
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CHAPTER  VIII 

THE  PBINCIPLBS  AND  TECHNIO  OF  OPBBATIONS  UPON  BLOOD   VESSELS 

Fbbdebiok  t.  Van  Beubbn,  Jb, 

GENERAL  OONSIDERATIONS 

There  are  two  principles  common  to  ali  vascular  surgery  which,  important 
as  thej  are  in  general  work,  are  here  preeminent.  Cleanliness  and  gentleness 
are,  you  may  say,  the  foundation  upon  which  rests  success  in  operations  of  this 
sort;  and  blood  transfusion,  transplantation,  and  anastomosis  of  vessels  are 
dangerous  possibilities  in  the  hands  of  one  not  thoroughly  trained  in  the  prac- 
tice  of  aseptic  8iirgery.  Even  the  clean  and  capable  operator  finds  plenty  of 
technical  difficulties  to  be  overcome,  handling  the  narrow  tubes,  with  their 
delicate  lining  and  thin,  flaccid,  or  thick  contractile  walls ;  and  the  manipula- 
tion  of  tiny  needles  and  fine  sutures,  such  as  are  generally  employed,  requires 
skill  as  well  as  good  intentions.  So  it  seems  fair  to  say  that  no  one  onght  to 
attempt  the  more  difBcult  operations  upon  human  blood  vessels  without  previous 
practice  upon  animals.  And  in  this  respect  it  is  interesting  to  remember  that 
many  of  those  operations  now  usefully  employed  in  human  surgery  were 
originated  by  eiperimenters  on  animals ;  while  it  is  entirely  possible  that  many 
others  which  are  being  worked  out  in  the  laboratory  to-day  will,  within  a  short 
tirne,  become  established  procedures  in  the  operating-room. 

For  the  sake  of  simplicity  (I)  operations  upon  arteries;  (II)  operations 
upon  veins ;  and  (III)  operations  upon  capillaries  are  here  considered  in  sepa- 
rate  series.  But  operations  upon  blood  vessels  are,  in  the  main^  intended  to 
aocomplish  one  or  more  of  the  f  ollowing  ends :  to  check  bleeding  or  interrupt  the 
circulation ;  to  obliterate  the  vessels ;  to  alter  the  blood  or  circulation  for  pur- 
poses  of  depression  or  stimulation ;  to  remove  the  cause  of  circulatory  disturb- 
ances  due  to  varicose  veins ;  to  restore  or  reestablish  the  circulation ;  for  drain- 
age  of  tissues  or  cavities ;  to  prevent  the  dissemination  of  infection.  And  thus 
I  have,  for  the  sake  of  a  logical  arrangement,  grouped  the  various  surgical 
procedures  under  these  sub-headings. 
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STJBOIOAL  PB00EDUBB8 


Arteries. — The  surgical  procedures  directed  against  arteries  are: 

(A)  OPERATIONS  TO  CHECK  BLEBDING. — The  application  of : 

1.  Postural  compression. 

2.  Bandages  aud  compresses. 

3.  Digital  pressure. 

4.  ToTimiquet. 

5.  Forcipressure. 

6.  Torsion. 

^a.  temporary. 

b.  permanent. 

(B)  OPERATIONS     TO     OBLITERATE     THE     VESSELS. — (See     Chapter     on 

Aneurjsms.) 

(C)  OPERATIONS  TO  RESTORE  OB  REESTABLISH  THE  dBGULATION 

^      o  X       f  a-  longitudinal  wound. 

1.  SutureJ,     ^    °  J 

j^b.  transverse  wound. 

2.  Arterial  anastomosis^  end-to-end. 

a.  end-to-end. 

3.  Arteriovenous  anastomosis- 


7.     Tenninal  ligation 


b.  end-to-side. 
C  side-to-side. 

a.  embolua« 

b.  thrombus. 


4.     Arterial  section- 
6.     Transplantation. 

n 

Veins. — The  surgical  procedures  directed  against  veins  are: 

(A)  OPERATIONS   TO   CHECK    BLEEDING    OR   INTERRUPT  THE    CIBCULA- 
TION 

1.  Posture. 

2.  Bandage,  compresses^  and  packing. 

3.  Digital  pressure. 

4.  Torsion,  forcipressure,  and  terminal  ligation,  ligation  en  nuisse, 

5.  Cautery. 

(B)  OPERATIONS    TO    ALTER    THE    BLOOD    OR    CIRCULATION    FOB    PUB- 
POSES  OF  STIMULATION  OR  DEPRE8SI0N 

1.  Intravenous  injection  (blood  serum,  etc). 

2.  Intravenous  infusion. 


I  a.  arterv-to-veml  ,. 
.     J,        .    t^       .       ^direct 
ion-  b.  vein-to-vein 


3.     Intravenous  transfusioni  d.  vein-to-vein    j 

C  intermediate. 
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4.  Intravenous  injection  (anesthesia,  etc). 

5.  Venesection  (blood-letting). 

(C)  0PEBATI0N8    TO    BEMOVE    THE    CAUSE   OF   CIBCULATOBY   DISTURB- 
ANCES  DUE  TO  VARICOSE  VEINS 

1.  Injection. 

2.  Ligation. 

3.  Excision. 

4.  Incision. 

5.  Suture. 

(D)  OPEBATIONS    TO    BESTOBE    OB   BEfiSTABLISH    THE    CIBCULATION 

1.  Lateral  ligation. 

2.  Suture.  ^  ,  ^        , 

fa.  end-to-end. 

8.     Venous  anastomosis-  b-  end-to-side. 

C.  side-to-side. 
4.     Transplantation. 

(E)  OPEBATIONS  FOB  DBAINAGE  OF  TISSUES  OB  CAVITIES 

Transplantation. 

(F)  OPEBATIONS    TO    PBEVENT    THE    DISSEMINATION    OF    INFECTION 

Kemoval  of  septic  thrombi. 

ni 

Capillaries. — The  surgical  procedures  directed  against  capillaries  are: 

(A)  OPEBATIONS  TO  CHEOK  BLEEDING 

1.  Styptie8. 

2.  Packing. 
8.     Cauterj. 

4.     Ligation  en  tnasse. 

(B)  OPEBATIONS  TO   OBLITEBATE   THE   VASCULAB   CHANNELS 

1.  Acupuncture. 

2.  Galviinopuncture. 
8.     Injection. 

4.  Freezing. 

5.  Ezcidion  en  masse. 

6.  Desiccation^  Kromayer  light. 

7.  Ligation. 

IV 

IijniplLatiot. — Handley*8  operation  is  hero  introduced  for  the  sake  of  its 
relation  to  blood  vascular  operations. 

AKATOMIOAL   POINTS   TO    BE   NOTED 

It  is,  of  course,  essentinl  for  the  surgeon  operating  to  ha  ve  very  definitely 
in  mind  those  inuscular  and  bony  prominences  which  serve  to  indicate  upon  the 
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Fio.  2. — SaRMtnma  vitb  Smoots 


Fia.  1. — Tbrbadbd  Nebplb  Modnted  on 
Slip  or  Paper  for  Cohvenibnt  Hand- 
UHO.  Dotted  lines  show  where  paper  tnny 
b«[olded. 


'DoRBANCB  Clah: 


flurface  of  the  skiii  aii  iiiiaginary  projection  of  the  particular  vessel  towBrd 
which  his  atteutions  are  dircctcd ;  and  it  is  aliiioat  as  necessar/  tliat  he  be  thor- 
ouglilv  fauiiliar  with  the  relatioiia  bonie  toward  thia  atructure  by  the  veins, 
iienes,  imiaclos,  tcndoiia,  and  faacial  planea  which  accoinpany  or  surround  it. 
The  iieat  and  t^arefiil  expo3iire  of  a  hlood  vessel  at  a  predetermined  point  in  ita 
courae  is  quitc  a  difTcrent  procedure  from  the  often  somewhat  beadlong  opening 
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of  the  peritoiienl  cnvitv,  iii  »liidi  the  csploriiifr  liaiid  niay  palpate,  if  the  in- 

cision  be  lon^  eiimtgli,  aliiinst  every  stniotiirc  froiii  the  jfiphoiil  to  the  cul-de-sac 

of  Soiiglas.     Skin  aiid  fasciai  planeš  shoiild  be  cleanlj  and  BufHciently  divided 

for  proper  retractioii  withoiit  undue  tension  of  the  parts.     ^[iiscles  ahould  be 

aeparated,  when  that  is  poasible,  at  their  in- 

tennuacular  fasciai  plaues,  or  sptit,  if  it  be 

neceaBary,  in  the  direction  of  their  fibera.    In  ' 

a  word,  it  is  imperative  to  avoid  any  unneces- 

sarv  trauma  wbose  resnltant  bleeding  mav 

obacure  the  vesael  songht,  or  who8e  tissue  de- 

stniction  niay  endangcr  the  eiiecess  of  the  gauih  Strip 

operation   by   inviting   to   8iib3eqiient   blood 

rlottinjr  and  infection.     To  accompHsh  tbis  an  accnrate  knowledgo  of  the  site 

and  relationa  of  the  vessel  to  be  attacked  musL  be  obtained  before  any  operation 

is  attemptcd.     Moreover,  there  shonld  be  a  clear  uuderstanding  of  the  structiire   i 

of  a  vessel  waH  and  tbe  way  in  which  a  Neasel  wi!l  bebave  if  bruised,  wounded, 

or  divided. 

INSTRUMENTS   USED 

Bcsides  the  ordinary  oiitfit  of  scalpels,  diasecting  forcepa,  acissors,  retractora, 
lieiiioatatic  forcepa,  etc.  certaiii  inatrnments  and  apparatua  of  a  special  nature 
lire  reijnired:  (A)  to  control  the  flow  of  blood  temporBrily;  (B)  to  facilitate 
iho  approsimation  and  adjustment  of  the  vessel  segmenta,  or  potentiany  con- 
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nect  them;  (C)  to  maintain  tbe  apposition  of  the  vessel  ends  or  edges  until 
cellular  repair  has  established  itself ;  (D)  special  instnunents  for  escision  of 
veins. 

Thefirstgroup  (A)  includes: 

(1)  Elastic  constrictors,  linen  tapes,  or  strips,  or  heavy  twisted  silk,  fast- 
ened  hj  f orceps  or  serrefines. 


:==s=Jlllllllllli^^ 


Fio.  7. — Fine  Scisbobs  and  Forcbpb,  Straioht  and  Curvbd. 

(2)  Broad-bladed,  delicate  Billroth  forceps;  miniature  Doyen  hy8terectoiny 
clamps  (Dorrance)  (Fig.  4);  Herrick's  clamps;  Crile'8  clamps  (Fig.  3); 
serrefines  with  smooth  blades  (Fig.  2)  ;  Jeger's  clamps,  straight  and  cnrved 
(Fig.  6). 

Among  the  second  group  (B)  are: 

(1)  Fine  thumb  forceps  (Fig.  7). 

(2)  Fine  scissors  (Fig.  7). 

(3)  Various  individual  implements  such  as  Payr's  magnesium  rings; 
Murphy's  forceps ;  Crile's  and  Elsberg^s  cannula ;  Brewer's  tubes ;  Lindemann's 
8yringes;  Curtis  and  David's  container,  etc,  which  will  be  deseribed  each  in 
connection  with  its  appropriate  operation. 

The  third  group  (C)  comprises: 

(1)  Fine  needles,  curved  and  straight  (No.  12  to  No.  16). 

(.2)  Fine  sutures  of  catgut,  Pagenstecker  linen  or  very  fine  silk  (first 
choice)  (Fig.  1).  Carrel  ušes  special  Lyons  silk;  Lilienthal  ušes  No.  000  silk; 
Dorrance  ušes  No.  1  Pagenstecker  linen ;  Guthrie  ušes  No.  12  to  16  needle  from 
Kirby,  Beard  &  Co.,  Ravenhurst  Works,  Bradford  St.,  Birmingham,  and  silk 
from  James  Pearsall  &  Co.,  71  Little  Britain,  London^  or  "Bead  silk,"  whole 
for  large,  and  Tmtwisted  for  small  vessels. 
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The  last  group  (D)  includes  such  individual  Instruments  as  Mayo*8  dis- 
sector,  Mamourian's  probe,  etc.,  which  will  be  mentioned  more  fully  later. 

MBTHODB  AMD  GHOIOE  OF  METHODS 

There  have  been  published  so  manv  methods  of  undertaking  the  various 
surgical  procedures  upon  the  blood  vessels,  and  comparatively  so  few  statistics 
have  been  gathered  during  the  short  tirne  in  which  this  class  of  work  has  been 
at  aH  extensively  practiced,  that  only  those  ways  of  proven  value  will  be  fiilly 
deseribed^  others  being  mentioned  (with  reference)  for  the  convenience  of  the 
reader. 

The  choice  of  a  method  naturally  depends  somewhat  npon  the  chooser's 
individuality,  if  not  peculiarities ;  but,  generally  speaking,  that  method  should 
be  the  choice  which  promises  to  f ulfil  for  the  procedure  in  question  the  greatest 
number  of  the  following  desiderata:  (1)  safety,  (2)  speed,  (3)  ease,  (4) 
8implicity. 


DAKGEB8  AMD   DIFFI0ULTIB8:    OAUSES   OF    FAELUBE:    OOBCPLIOATIOMS: 

BESUIiTS 

The  dangers  and  difBculties,  the  causes  of  failure^  the  complications  and 
results  of  operations  upon  the  blood  vessels  can  best  be  detailed  in  connection 
with  each  operation,  but  it  may  be  said  in  passing  that  escape  from  the  first 
and  excellence  in  the  last  depend  largely  upon  the  avoidance  of  dirt  and 
roughness. 
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OPERATIOMS   TO    OHECK   BLEEDINa 

POSTURAL    COMPRESSION 

Postural  compression  is  hardly  an  operating-room  procedure,  but  I  have 
seen  its  value  in  at  least  one  čase  on  its  way  to  the  table.  A  man  with  popliteal 
aneurysm  was  wheeled  into  the  ('ity  Ilospital  at  Blackweirs  Island.  As  he  was 
being  transferred  from  chair  to  stretcher  the  aneurvsm  ruptureJ  through  the 
overlying  skin  and  he  would  probably  have  bled  to  Jeatli  then  and  there  had 
not  an  unu8ually  intelligent  assistant  flexeJ  the  leg  sliarply  upon  the  thigh 
with  a  folded  towel  at  the  beiid  of  the  knee.  Tli  is  checked  the  bleeding  suffi- 
ciently  to  allow  time  to  find  and  applv  a  tourniquet  and  get  the  patient  to  the 
operating-room,  which  \vas  at  some  distance.  In  a  siniilar  fashion,  with  a  pad 
between,  complete  flexion  of  the  hip  or  elbow  joints,  and  adduction  of  the 
shoulder  joint  will  exert  obliterative  pressure  upon  the  adjacent  vessels. 
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Bandaoes  and  Compbesses 

A  stout  nibber  bandage,  with  a  gauze  compress  beneath  it,  may  be  used  to 
control  arterial  circulation  or  to  check  arterial  bleeding,  but  it  is  far  inferior  to 
the  regular  elastic  or  pneumatic  toumiquet  and  the  compress  bas  to  be  ac- 
curately  placed  over  the  vessel  to  make  it  properly  effective. 

Digital  Pbessubi:    . 

Digital  compression  is  little  used  now,  except  f or  the  temporary  closure  of  a 
divided  vessel  until  a  clamp  can  be  applied,  or  to  control  the  circulation  in  an 
emergency,  or  for  special  operations,  as  in  MacEwen's  method  of  aortic  com- 
pression. 

Thb  Tourniquet 

The  toumiquet  is  used,  in  the  operating-room,  chiefly  to  control  the  cir- 
culation; 1,  preceded  by  the  application  of  an  Esmarch  or  Martin  bandage, 
to  secure  a  bloodless  field  for  difficult  and  careful  dissection  of  complicated 
structures,  such  as  tendons,  etc.,  at  wrist  or  ankle ;  2,  to  prevent  loss  of  blood 
in  preparing  for,  or  performing,  the  amputation  of  an  extremity. 

There  are  two  8atisfactory  forms  of  toumiquet:  (a)  the  solid  rod  or  tube  of 
elastic  rubber,  about  2  feet  long  and  V^  inch  in  diameter,  and  (b)  the  pneumatic 
toumiquet  [Perthes]  with  metal  reenforceraent,  a  smaller  form  of  which  has 
been  much  used  in  connection  with  blood  pressure  testing.  A  description  of 
the  instrument  will  be  found  in  the  chapter  on  Amputations. 

Trendelenburg's  pin,  Varick's  modification  of  it,  Thomas's  forceps,  Wyeth's 
pins,  Jordan-Lloyd'8  tourniquet,  Momberg^s  tube,  etc,  are  special  implements 
best  described  in  connection  with  the  operations  (amputation  of  hip  and  shoul- 
der)  they  were  designed  for. 

The  Esmarch  method  of  applying  the  tourniquet  consists  in  applying 
tightly,  from  below  upward,  in  an  even  spiral,  without  reversing,  an  elastic 
rubber  bandage  which  is  carried  as  high  on  the  limb  as  nece8sary.  Immediatelv 
above  it  an  elastic  rod  or  tube  is  then  wound  around  the  limb  sufficiently  tight 
to  arrest  ali  arterial  circulation  below.  Thus  the  limb  is  emptied  of  blood  and 
kept  so.  The  tourniquet  is  then  fastened  by  clamp  or  tving  and  the  bandage 
removed  from  above  downward.  Instead  of  the  preliminary  bandaging  the 
limb  may  be  emptied  of  blood  by  elevation  for  3  minutes,  while  massage  to- 
ward  the  trunk  of  the  body  is  practiced. 

Matas  utters  the  following  warnings  anent  the  use  of  the  toumiquet  and 
the  elastic  bandage : 

Alway8  apply  the  elastic  toumiquet  over  the  femoral  or  humeral  shaft,  or  at  such 
points  that  no  vessel  can  escape  a  circumferential  compression. 

Begin  by  compressing  the  vascular  or  adductor  side,  leaving  the  outer  or  exten8or 
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Burface  of  tbe  limb  free  from  pressure,  so  tbat  venous  choking  of  tbe  limb  may  be 
avoided. 

Separate  eacb  tum  of  tbe  constrictor  by  an  intervening  space  to  distribute  tbe 
pressure. 

Do  not  allow  tbe  constricted  member  to  be  suddenlj  flexed  or  extended  after  tbe 
constrictor  is  in  plače  for  fear  of  tearing  subcutaneously  tbe  under]ying  muscles  and 
nerves. 

Do  not  keep  tbe  constrictor  in  plače  mucb  longer  tban  an  bour,  or  an  bour  and 
a  balf. 

It  bas  been  objected  witb  good  reasons  tbat  tbe  iscbemia  of  a  limb  obtained  by 
forcible  elastic  compression  is  likely  to  be  followed  by :  (1)  Exee88ive  capillary  oozing; 
(2)  it  increases  tbe  risk  of  septic  embolism  and  of  cancerous  mctastases ;  (3)  it  greatly 
faTors  tbe  absorption  of  toxic  cbemical  antiseptics;  (4)  it  increases  tbe  liability  to 
iscbemic  necrosis. 

For  this  reason  Matas  thinks  elevation  and  massage  preferable  to  the  elastic 
compression  bandage  as  a  preliminary  to  the  application  of  the  tourniquet. 

The  pneumatic  constrictor  is  made  to  encircle  the  lirab  at  a  convenient 
point  proxinial  to  the  intended  field  of  operation  after  preliminarj  elevation 
and  massage,  unless  this  is  contra-indicated.  It  is  then  fastened  snugly,  but 
not  tightly,  by  its  metallic  ring,  and  the  pneumatic  circlet,  which  surrounds 
the  limb  inside  the  metal  reenforcement,  inflated  by  means  of  its  pump  until 
the  pulse,  palpated  at  some  poLnt  distal  to  the  constrictor,  is  completely  oblit- 
erated.    This  usually  requires  a  pressure  of  150  to  200  mm.  of  mercury. 

The  only  bad  results  to  be  feared  from  the  application  of  the  toumiquet 
are  temporary  pressure  paralysis  and  injury  of  diseased  vessels  at  the  point  of 
application.  This  should  be  kept  in  mind  and  the  tourniquet  must  be  applied 
onlv  with  sufficient  force  to  obliterate  the  pulse,  \vhich  should  be  under  the 
finger  of  an  assistant  during  the  application.  In  cases  where  the  arteries  are 
stiff  and  presumably  fragile  digital  pressure  control  of  the  circulation  is  prob- 
ably  safer.  The  pneumatic  constrictor  bas  this  advantage  over  the  elastic 
tourniquet,  tbat  its  pressure  can  be  very  carefully  and  easily  graduated,  but  the 
simplicity  of  the  elastic  band  has  so  far  brought  it  into  common  use.  Either 
one  properly  applied  is  safe  and  of  great  convenience. 


FORCIPBESSUBB 

Practically  the  only  method  now  used  in  operation  wounds  of  checking  ar- 

terial  hemorrhage  is  forcipressure,  with  or  without  subsequent  ligation,  and 

this  is  true  of  accidental  wounds  when  instruments  are  at  hand.     In  deep 

wounds  where  ligation  is  dangerous  on  account  of  the  fragility  of  the  tissues,  or 

impossible  because  of  the  narrow  space,  the  forceps  may  be  left  on  the  vessel 

for  from  24  to  48  hours  until  the  formation  of  a  firm  clot  and  the  contraction 

of  the  crushed  inner  coats  provides  for  sealing  of  the  vessel.     Wherevcr  pos- 

sible,  ligation  should  follow  the  application  of  the  hemostatic  clamp,  unless  the 

vessel  is  of  very  small  caliber,  when  manv  operators  crush  or  twist  it  (and  trust 
18 
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to  lučk  that  the  retraction  and  torsion  of  the  inner  coat  will  suffice) .  Ligation 
is  safer,  however,  if  you  are  sure  that  your  ligatures  are  sterile. 

It  is  important  that  no  extraneous  tissue  be  seized  in  the  clamp  with  the 
arterj,  lest  nerve  fibers  be  accidentally  crushed  or  included  in  the  ligature  and 
80  give  rise  to  subsequent  pain  or  po8sibly  paralysis. 

Ilemostatic  forceps,  or  artery  clamps,  as  they  are  n8ually  called,  are  made 
in  various  sizes,  weights,  and  patterns,  but  the  crushing  principle  is  the  same  in 
ali  of  those  designed  for  permanent  hemostasis.  They  consist  essentially  of  a 
pair  of  jaws  whose  opposed  surfaces  are  serrated,  attached  to  handles  with  rings 
at  the  end  for  a  thumb  and  finger.  They  are  provided  with  a  ratchet  lock  to 
hold  them  in  adjustment  at  the  desired  tension.  The  jaws  may  be  long  or 
short,  broad  or  narrow,  and  blunt  or  narrow-ended,  and  some  have  tiny  inter- 
digitating  teeth  at  the  tip. 

The  forceps  is  held  by  the  thumb  and  index,  or  thumb  and  middle  finger 
(u8ually  of  the  right  hand),  the  wound  edges  separated  and  the  tissues  aroimd 
the  bleeding  vessel  steadied  by  the  opposite  hand,  and  the  end  of  the  divided 
vessel  is  caught,  as  cleanly  as  possible,  in  the  tip  of  the  jaws  of  the  forceps, 
which  is  thereupon  closed  and  locked  with  sufficient  force  to  hold  the  vessel 
securely.  The  handle  of  the  clamp  is  held  vertical  until  the  ligature  has  been 
passed  around  it  and  then  depressed  to  raise  the  tip  so  that  the  ligature  may  be 
tied  beneath  it.  After  the  first  knot  of  the  ligature  has  been  tied  the  handles 
of  the  forceps  are  pinched  slightly  together  and  separated  laterally  to  unlock 
the  catch,  and  the  jaws  are  carefully  opened  and  withdrawn  from  the  wound. 

The  end  of  the  vessel  may  be  cut  through  and  pulled  away  before  tlie 
ligature  is  properly  applied  if  too  much  force  is  used  in  pinching  the  vessel 
and  pulling  upon  it.  Nerves  may  be  included  and  injured  if  ihe  artery  is  not 
grasped  free  from  its  surroimding  tissues. 

Torsion 

Some  operators  draw  the  vessel  a  short  distance  from  its  sheath,  steady  it  in 
thumb  forceps  beyond  the  hemostat,  and  twist  the  end  by  rotating  it  three  or 
four  times  on  its  own  long  axi8  to  rupture  and  cause  retraction  of  the  inner 
coat.    This  is  permissible  only  with  very  small  arteries. 

Ligation 

Terminal  ligation  is  far  the  best  means  of  permanently  arresting  arterial 
bleeding.  It  may  be  used  in  a  modified  form  to  control  the  circulation  tenipo- 
rarilj,  and  will  be  described  in  connection  with  suture  of  arteries.  Xo.  2 
catgut  is  the  most  commonly  used  material  for  tying  superficial  vessels  in  soft 
tissue.  In  firmer  tissue,  like  those  of  the  scalp,  a  stronger  gut  may  be  require<l. 
For  ligating  large  arteries  N^o.  3  or  No.  4  chromic  catgut  is  often  used  and  silk 
and  linen  occa8ionally  also. 
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The  artery  to  bo  ligated  is  caiight  by  a  hemostat  as  described  in  the  pre-  I 
ceding  section.    The  ligature  is  so  haiided  by  the  iiuree  thnt  it  inay  be  grasped    | 
iiea.T  tbe  middle  by  tlie  Hurgeon'a  right  liaiid.     Ile  paaaes  it  rouiid  the  veasels    I 
from  rigbt  to  left,  catcbiiig  tbe  free  end  in  his  left  band,  tiea  a  aitigle  knot,    I 
setting  it  dovvn  tirmlj  iipon  the  veaaela  bevoiid  tbe  tip  of  the  clamp.     Tbe  aa-. 
sistant  tben  removea  the  clamp  and  the  surgeoii  ties  a  scciire  knot  in  auch 
faation  aa  to  form  wbat  is  gciierall.v  knovm  as  a  "8qnare"  or  '"reef"  knot,  which 
18   lesa  bulky  tban  the  "siirgeona"  knot,  and  safer  tban  tbe  "granny."     Čare 
must  be  taken  to  set  the  aecond  knot  down  tightly  upon  the  first  and  not  to 
''upBet"  the  knot.     If  too  niucb  force  is  used  in  tying  the  first  knot  the  voaael    ■ 
ffiaj'  be  ciit  too  deoplv  and  tbe  cloaure  be  made  leaa  secure.    It  ia  not  uncominon 
to  see  a  surgeon  in  a  hiirTy  puli  too  bard  on  bis  ligature  wbile  tying  a  delicate 
vessel,  and  tear  tbe  cnd  of  the  vessel  off,  neceasitating  a  repetition  of  the  pro- 
ttHlure. 

ofebations  to  restobe  ob  beestablish  the  cibouz1a.tion 
Latekal  Suture 

Lateral  suture  of  an  artery  may  be  required  to  repair  an  accidental  wound  or 
"'pturo,  either  longitudinal  or  tranavcrse,  or  an  incision  that  baa  been  made  by 
tho  surgeon  to  reniove  an  emboliis.  It  should  not  be  used  in  wounda  of  suoh 
eize  that  their  cloaure  will  oeelude  the  arteTy,  nor  in  casos  of  extensive  cnishing 
^^  the  artery  and  pcrivascular  tissuea.  Tbe  preaence  of  infeetion  alao  contra- 
mdicatea  it.  Tbe  esscntial  conditions  for  tbe  operation  are:  the  beat  poaaible 
"^^^psia,  a  non-injurioua  means  of  tomporary  bemostasia,  gentlenesa  in  handling 
"'^  Veasels,  accurate  approximation  of  the  intinias  withont  unnecessary  trauma, 
''**^axis  of  ntaintaiuing  tbia  approximation  unttl  cellular  repair  bas  been  estab- 
lishcd. 

The  part  should  bo  sbaved  and  wrapped  in  a  aoap  poultice  for  24  hours  if 

P***ailiJc;  thcn  ecriibbed  with  a  gauzc  coinpreas  with  green  soap  and  aterile 

'*t«T;  then  witb  alcobo!  and  ether  and  a  gauze  compress;  then  fluahed  witb 

Jtiorf^iiric  cJilorid,   1:5,000,  and,  iinally,  sterile  normal  saline.     The  aurface 

^"»"Jmarks  that  indicate  tbe  line  of  tho  veaael  to  bc  attacked  muat  be  notod  and 

^  line  marked  upon  the  skin  by  a  light  stroke  of  the  scalpel. 

%qaipmeiit. — Beside  the  usual  equipnient  of  acalpels,  disaecting  scissors 
^  forccpa,  bemoatata  and  retractors,  ligaturea  and  suturea  and  needJea,  tbere 
^  »equired:  severa!  aerrefinea  with  rubber-covered  or  smooth  bladea  (Fig. 
'  >  1  pair  of  fine,  atraigbt  scissors;  1  pair  of  fine,  curved  scissors;  1  pair  of 
**^i  straight  forcopa;  1  pair  of  fine,  curved  forcepa  (Fig.  7);  aeveral  fine 
"^noostats  (mosquito  clarapa)  ;  a  jar  of  sterile  albolin  with  eye-dropper;  and 
"^^eral  fine  needles,  No,  12  to  No.  10,  threaded  with  fine  silk  (Fig.  1),  whicli 
»Wui,i  b-i  boiled  in  albolin. 

Operative  Stepi. — The  operative  steps  are  as  follow8:     (1)  Control  tho  fiow 

\ 
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of  blood  through  tlie  arterv  by  tourniqiiet,  if  possible.  (2)  Expose  the  artery 
by  sharp  and  blunt  dissection,  using  every  effort  to  avoid  unnecessarj  tissue 
iiijury  and  bleeding,  and  fasten  towel8  to  the  edge  of  the  skin.     (3)  If  the 


Fio.  8. — SuTURE  or  Longitudinal  Wound  ik  Blood  Vsssel:  Guthrib'8  Position  or  Hands. 


artery  is  bleeding  when  exposed,  an  assistant  should  exert  pressure  upon  it 
above  and  below  the  wound,  or,  if  necessary,  with  a  finger  upon  the  woiind 
until  it  can  be  8ufficiently  isolated  from  its  bed  to  occlude  it  temporarily  by 
tape  or  clamps  (Fig.  5)  about  1  inch  above  and  below  the  wound.  (4)  Re- 
move  aH  blood  and  blood  clots  from  the  wound  by  sponging  with  sponges  damp- 

ened  in  warm  normal  sa- 

line;  and  from  the  vessel 
lumen,  by  very  gently 
8tripping  it  toward  the 
wound  from  both  ends,  the 
cxpres8ed  blood  being  ab- 
sorbed  by  a  dry  spongc 
held  against  the  wound. 
(5)  Handle  the  vessel 
with  the  fingers  (see  Figs. 
8  and  9)  rather  than  with 
the  forceps,  and  as  gently 
as  possible.  (6)  Pick  up? 
in  fine  forceps,  the  deli- 
cate  outer  coat  of  the  vessel  and  trira  it  away  from  the  margins  of  the  wound 
for  1  or  2  mra.  (1/25  to  1/12  inch)  with  fine  scissors.  (7)  If  the  wonnd  edges 
in  the  vessel  are  lacerated  or  contused,  trim  them  smooth  with  fine,  sharp 
scissors.  (8)  Take  a  few  drops  of  sterile  liquid  albolene,  on  the  tip  of  a  pair 
of  forceps  or  in  a  hypodermic  8yringe  and  gently  moisten  the  wound  edge 
with  it.  If  the  sutures  have  not  boen  boiled  in  albolene,  lower  them  carefully 
in  the  jar  until  they  are  completoly  saturated  with  it.     (9)  A  continuous  over- 
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Fio.  9. — Suture  of  Transversb  Wount)  in  Blood  Vessel: 

Holding  Vessel  on  Finger. 
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hand  (Fig.  14)  or  interrupted  suture  may  be  done,  or  a  lock  stitch  (Fig.  11), 

and  should  pass  through  ali  coats,  taking  čare  not  to  touch  the  intima  with  the 

needle,  except  at  the  point  of  puncture.     The  edges  of  the  wound  should  be 

brought  into  close  apposition  without  inverting, 

wrinkling,  or  piickering,  and  the  sutiire  must 

not  be  so  tight  as  to  cut  through  the  tissue.    The 

needle  should  be  introduced  about  V2  to  1  ^™- 

from  wound  edge  and  stitches  should  be  placed 

about  l^  to  1  mm.  (1/50  to  1/25  inch)  apart 

and  the  ends  tied  with  a  square  knot  and  cut  oflF 

short. 

(10)  A  continuous  mattress  suture  (Fig. 
12)  is  recommended  by  Dorrance  and  inter- 
rupted mattress  sutures  (Briau  and  Jaboulay) 
have  been  used  (Fig.  13)  by  Archibald  Smith 
with  satisfactory  results.  Stewart's  clamp  may 
be  employed  if  it  is  thought  unwise  to  interrupt 
the  circulation  (Fig.  10).  When  the  suture  is 
completed,  remove  the  distal  clarap  or  tape  and 
look  for  leakage  at  the  suture  line.  If  any  oc- 
curs,  press  lightly  upon  the  vessel  witli  an  ab- 
sorbent  gauze  sponge  for  a  minute.     Otherwi8e, 

loosen  the  proximal  clamp  or  tape  and  allow  the  full  blood  stream  to  pass  the 
suture  line.  If  slight  leakage  occurs,  press  lightly  with  a  sponge,  as  before, 
until  it  ceases.  If  it  cannot  be  so  controlled,  within  3  or  4  minutes,  or  if  a 
spurting  point  is  seen,  replace  the  tape  or  clamps  to  control  the  bleeding,  care- 
fully  sponge  away  the  blood  and  introduce  as  many  extra  sutures  as  necessarj  to 


Fio.  10. — Stewart'8  Clamp  por 

ISOLATINO  PoRTtON  OP  LUMBN 

OP  Vessel. 


Fio.  11.— i-Latebal  Suture  op  Longitudinal  Wound  with  Lock  Stitch,  Usino  Tbnsion 

SiTTURES. 


close  the  defect  in  the  original  suture  line.  Then  remove  clamps  as  before.  If 
the  suturing  has  been  carefullv  done  there  will  be  verv  little  leakage  and  this 
will  cease  witliin  a  few  minutes  as  soon  as  fibrin  blocks  the  hole  around  the 
punctures.    Then  close  the  wound  of  exposure  in  the  usual  manner. 

The  dangers  of  this  operation  are  not  great,  if  you  can  be  sure  of  aseptio 
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conditions,  gentle  handling  and  proper  instruments.     But  the  difEcuItiea  are 

considerabie ;  for  it  is  not  easy  to  get  a  good  eiposure  of  the  vessel  and  eollateral 
brancheB  are  apt  to  compiicate  the  control 
of  the  blood  current.  If  tbey  are  amall, 
they  inay  be  ligated ;  but,  if  large,  it  is 
better  to  isolate  them  sufficieDtIy  to  close 
them  teinporarily  witli  tapes  or  serrefines. 
\gaiii,  the  fine  iieedles  are  not  easy  to  hold 
acd  manipulate  and  the  sutures  brcak  very 
ea8ily,  if  they  are  not  tied  with  the  utmost 
čare. 

The  cbief  cause  of  failure  ia  occlusion 
of  the  artery  by  thrombus  formation. 
Secondary  hemorrhage  may  occur  from 
tearing  out  suturea,  or  foIlowing  infection, 
if  the  sutiires  are  not  prop€rIy  placed  or 

asepsis  ia  imperfect,  but  it  is  not  iikely  to  happen  and  only  occiirred  once  among 

the  cases  reported  up  to  1912. 

The  results  are  generany  good  in  the  reported  eaaes  aa  to  fnnction,  but  doubt 

remains  as  to  permanent  patency  of  lumen. 

Aetebial  Anastomosis 

Circular  suture  of  arteries  may  be  called 
for  where  a    (1)   transverse  wound  dividea 
more  than  one-half  of  the  lumen  of  an  artery ;     ] 
(2)  where  the  lateral  auture  of  a  gaping  de- 
fect  in  the  wall  wouId  occlude  the  veesel,  or 

where  crushing  of  the  artery  neceasitates  considerabie  resection  of  the  wound 
edges;  (3)  where  the  artery  bas  been  comp]etely  divided  by  knife,  bullet,  or 
other  injurv;  (4)  after  exciaion  of  a  segment  for  aneurysm,  new  growth,  or  for 
exten9ive  eniahing  of  an  artery. 
Arterial  circular  auture  is 
contra-indicated  (  1  )  in  ali 
smaller  arteriea  w  h  o  a  e  eol- 
lateral circiilation  ia  normallv 
sufflcicnt  to  niaintain  nutrition 
of  limb,  etc,  after  ligation ;  (2) 
in  ali  crushcd  and  lacerated 
wounds  when  ail  the  perivascn- 
lar  tiasues  are  hadly  or  irreparably  injured;  (3)  in  ali  siippurating,  or  other- 
wi8e  infeeted  vonnda  on  account  of  throrabosis  and  secondary  hemorrhage; 
(4)  in  ali  cases  where  approximation  cannot  be  obtained  without  overstretching 
of  veaaels  and  where  venoua  grafting  or  substitution  is  impoasible.     (Matas.) 
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Instminents. — The  instruments  required  are:  Usual  (lissectmg  set;  elastic 
constrictors ;  Langenbeck'8  serrefines  (or  serreplats)  ;  miniature  Doyeii  ciamps 
with  elastic  covering;  selection  of  Payr's  magnesiimi  rings  (Fig.  20);  fine 
forceps,  straight  or  curved ;  fine  .scissors,  straight  or  curved ;  finest  silk  or 
Aisace  thread  (No.  500)  with  Kirby  No.  16  straight  needle  (for  small  ves- 
sels)  ;  fine  cambric  needles,  or  floss  needles,  No.  6  to  No.  10,  with  No.  O  or 
No.  1  oculisfs  silk  (for  larger  vessels) ;  sterile  albolin;  black,  lint-free  field 
sheet,  or  a  white  field  sheet,  if  black  sutures  are  used ;  skin  elips  to  f asten  it 
to  wound  edges. 

Methods. — A  considerable  number  of  methods  of  end-to-end  anastomosis  of 
arteries  have  been  reported,  but  up  to  the  present  tirne  only  three  have  been  ex- 
tensively  used:  (1)  The  invagination  method  (Murphy,  Payr,  etc.)  ;  (2)  broad 
marginal  apposition  (Salomoni,  Briau,  Jaboulay,  Lespinasse  and  Eisenstaedt) ; 

(3)  direct  marginal  approximation  (Carrel,  Guthrie.  etc.).  In  aH  of  them  the 
chief  points  of  technic  are:  Complete  asepsis,  expo8ure  of  vessels  with  least 
possible  injury,  temporary  interruption  of  blood  current,  control  of  vessel  while 
applying  suture,  accurate  approximation  of  the  wall8,  perfect  hemostasis  by 
pressure  after  removing  ciamps,  careful  toilet  of  the  wound. 

INVAGINATION  METHOD.— The  invagination  method  is  said  to  be  "ap- 
plicable  to  ali  vessels  of  large  caliber,  including  popliteal  and  femoral,  in  which 
not  more  than  three-quarters  of  an  inch  have  been  removed  by  injury  or  ex- 
cision."  If  position  of  limb  can  be  made  to  relieve  tension  possibly  a  greater 
loss  than  three-quarters  of  an  inch  can  be  permitted  without  grafting. 

MUBPHY'8  METHOD.— The  steps  of  Murphy'8  original  invagination  method 
are: 

(1)  Expo8e  by  a  generous  incision  and  isolate  the  artery  from  its  sheath  for 
a  distance  of  at  least  1 
inch  above  and  1  inch  be- 
low  injury.  If  collateral 
branches  interfere,  liga  te 
or  temporarilv  c  1  a  m  p 
thom.  (2)  App]y  serre- 
fi  n  e  s  or  rubber-covered, 
flexib]e-bladed  ciamps  at 
iipper  and  lower  ends  of 
isolated  portion  with  jnst 
onough  pressure  to  stop 
blecding.  (3)  Exciso 
crushed  portion  of  vessel 
(up  to  %   inch),  or  trim 

edges  with  sharp  scissors,  if  laccrated  or  uneven.  Puli  adventitia  over  end  of 
stumps  and  cut  oflf  with  sharp  scissors  (Fi«r.  15),  and  remove  ali  blood  and  clots. 

(4)  Incisc  distal  stunip  loniritudinallv  a  short  distance  with  sharp  knife  (Fig. 
16).     (5)  Plače  three  U-shaped  traction  sutures,  at  equidistant  points,  through 


Fio.  15. — CuTTiNo  Off  the  Adventitia. 
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Fio.  20. — Patb'i  End^io-emd  Amastohobib 


MAomuim  Ruto. 


ends  of  tbe  arterv  are  nezt  trimmed  carcfiilly  off  aud  the  blood  wasbed  awa7 
with  nonnal  saline  solution;  (4)  tho  diatal  cnd  of  the  vesse)  is  then  covered 
with  a  Bponge  damp  with  saline,  ■whi]c 
three  fine  silk  eutures  are  introduced  at 
the  margin  of  the  proximal  stunip,  120° 
apart  through  aH  coata  and  tied;  (5) 
the  cnds  held  together  are  pasaed 
through  a  thin,  grooved  ring  of  mag- 
nesium  (aame  size  as  veesel),  irhich  is 
beld  in  a  special  forceps  and  slipped, 
like  a  collar,  over  the  proximal  stunip; 
(6)  by  tractioD  od  the  threads,  the  pro- 
trudiag  end  of  the  artenr  is  everted, 
rolled  back  over  the  ring,  tied  io  plače 
hy  a  fioe  silk  circular  ligature,  fitting  8iiugly  into  the  groove,  and  the  traction 
sutures  removed;  (7)  three  similar  traction  sntures  are  now  placed  in  the  distal 
Btump  to  stretch  its  margin  aud  gently  draw  its  lumen  over  the  everted  cuff  of 
tbe  proxinial  stninp  wbere  it  is  tied  in  plače  by  a  fine 
m\\  ^S^tt\  ^'"*  circular  ligature.  This  completes  the  anastomoBia, 
■  Ijl^^HuUI  which  bringa  intima  to  intima,  but  Bligbtly  narrowB  tbe 
^^^^ssal^^^  himen.  .Teger  hae  deviaed  an  ingenions  holder  for 
Payr'9  ringa,  which  con8iderably  siinplifiee  the  technio 
(Fig.  20.  Ho  liaa  also  prodiiccd  a  iriodided  ring  ot 
cvlinder  wliicb  hc  reconimends  for  use  in  uniting  deeply 
placed  vessels  (Fipr.  22). 
METHOD  OF  BBOAD  MAHGINAL  APPOSITION,— With  a  similar  end  in 
view,  of  briiiging  intima  to  intima.  Salomoni  (Fig.  23),  and  also  Briau  and 
Jaboulav  (Fig.  24),  pkced  thpir  siitiircs  nt  a  littlr  diatance  from  the  cut  edges 
of  the  vessel  in  siicli  manner  as  to  evert  these  edgea  and  draw  comparatively 
broad  intimal  surfaces  of  both  atiimpa  into  contaot,  Salomoni  uaed  a  simple 
intemipted  suture,  while  Briau  and  Jaboulay  cmployed  an  interrnpted  mat-  ■ 


Fia.  'J2.— JEOliR'B  MoD- 
iricATiOH  or  Path'b 
Mao.vesiuii  Cvlin- 
der roH  DBBPi.r 
Placed  VEasELs. 
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treas  siitiire.  Dorrance,  using  Pagenstecher  Xo.  1  thread,  on  the  finest  needle 
that  would  hoM  it,  and  emploving  special  flexible  bladed  forceps  (Fig.  4),  for 
bemostasis  devised  a  continuous  mattress  suture  (Fig.  25)  locked  at  every 
third  stitch  and  reinforced  by  a  continuous  overhand  suture  of  the  everted 
wound  margins  (Fig.  26). 


Fio.  23. — Saix)moni'8  M^thod  of  End-to-knd 

Suture. 


Fig.  24. — Briau-Jaboulat  Mbthod  of 
Emd-to-knd  Sutubb. 


Fig.  25. — Dorrance'8  Method  of  Eni>- 
To-END  Suture. 


Lespinasse  and  Eisenstaedt  have  reported  a  method  of  anastomosis  of  blood 
vessels,  based  on  the  same  principle  of  broad  marginal  confrontation  of  intima. 
They  use  chemicallv  pure  magnesium  rings  to  facilitate  coaptation  and  com- 
paratively  coarse  suture  material.     These  rings  are  "flat,  washer-like  pieces  of 

metal,  with  a  thickness  of  one  millimeter, 
and  a  wall  of  f  rom  one  to  two  millimeters 
in  width.  On  the  wall,  eight  suture  holes 
are  located,  equidistantly,  which  have  been 
countersunk,  or  beveled  to  prevent  cut- 
ting  of  the  sutures  when  traetion  is  made 
in  tying  them.  Likewi8e  the  cireumferen- 
tial  and  luminal  edges  are  beveled  to  pre- 
vent injury  to  the  coats  of  the  vessels." 

These  are  applied  in  such  a  way  that 
when  the  final  sutures  are  tied  the  approxi- 
mated  ends  of  the  vessel  are  practically  clamped  between  them  (Fig.  27).  Thev 
do  not  state  results,  but  conclude  that  this  "method  is  superior  because  Isi,  the 
suturing  is  not  fino ;  it  is  quite  coarse;  2ndy  the  sutures  and  rings  are  extravascu- 
lar  and  do  not  come  in  contact  with  the  blood 
streara.  The  normal  intima  alone  comes  in  con- 
tact with  the  blood  stream  at  the  completion  of  the 
operation." 

METHOD  OF  DIRKCT  MARGINAL  APPROXIMA- 
TION. — The  method  of  direct  marginal  approxima- 
tion  bv  continuous  through-and-through  sutures  of 
the  vessels  has  been  verv  coinpletely  developed  by 
Carrel  and  (iutlirie,  \vho8e  methods  are  practically 
the  same.  flnthrie  has  recently  published  a  verv 
full  aceonnt  of  h  is  tcc»hnic  and  results  and  the  following  description  of  CarreFs 
technic  is  abbrcviated  from  one  of  his  recent  Communications. 


Fig.  26. — Dorrancb'8  Method. 
Mattress  Suture  Reinforced 
BY  Continuous  Overhand  Su- 
ture. 
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Cakbel'8  Method. — General  Rules,- — To  avoid  complications  of  stenosis, 
hemorrliages,  and  thrombosis:  (1)  A  rigid  asepsia  ia  absoluteIy  essential;  an 
infection  not  sufRcient  to  prevent  priniary  iipion  of  a  woTind  niay  jct  cause 
th romboaia.  (2)  Blood  vesseU  niay  be  freely  handled  in  the  fingere,  biit  not 
vvit^H  forceps;  the  latter,  if  used,  miiat  take  only  tho  outer  sheath  in  ita  graap, 
and  when  employed  for  hemostasia  must  hnve  aniootli  jaw9  with  carefully  regu- 


fto.    27.— Lbupihasbb  and  Eibbnhtaedt  Mbthc 


lated  pressure.  (3)  Drying  of  the  cndothelium  or  the  presence  of  coagulated 
blood,  fibrin  ferment  or  foreign  tiaaue,  or  tisaue  jiiices  on  the  interior  of  a  ves- 
"cl  may  lead  to  thrombosis ;  tberefore,  the  external  sheath  must  be  resected  and 
tbe   lumen  of  the  vessels  and  the  surrounding  parta  mnat  be  waahed   with 


Fio.  28.— Genule' 


^^^»gM^a  Bolution  and  coated  with  vaaelin.  (4)  To  minimize  trauma  of  tho 
*°*iotheliuin  by  the  perforating  Biitiircs,  the  necdlos  and  autiire  material  must 
**  *^f  the  smalleat  aize,  eterilized  in  vaBclin,  and  kcpt  coated  with  it  during  the 
"^turing,  (5)  To  avoid  atcnosis,  keep  the  arterial  \valls  nnder  Interal  tenaion 
*'?  traction  aiitures  while  pntting  in  the  continuous  stitch. 
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Instrumenta, — Crile  ciampa  (Fig.  3)  or  clastic  forceps  (Fig.  4),  for  tem- 
porary  hemostasis  in  large  vessela,  as  femoral  artery ;  amall  Crile  clamps  or 
8mooth-]awed  serrefines  (Fig.  2)  vithout  rubber  covers,  for  amall  veasels,  or 
narrow  rubber  stripa  lield  roiind  the  8rtery  by  serrefino  or  forceps;  Gentile 


Fia.  29. — Ahtert  Ibolatbd  oh  Black  Fibu>  Shebt. 


Byringe  and  Ringer'8  eolution  for  washing  out  the  vessela  (Fig.  28)  ;  round, 
straight  needles,  Kirbj  No.  16,  for  small  veasela,  No,  12  to  No,  16,  can  be  uaed 
for  large  veasels;  they  are  tbreaded  witli  very  fine  silk  (Fig.  1)  and  eterillzed 
in  vaselin;  Gentile  forceps  to  hold  the  traction  Biitures;  a  black  towel  to  lav  the 
sutnrea  on  and  a  black  japanese 
field  sheet  to  aurronnd  the  wound. 
Temporary  Jfemoslasis  and 
Prepnraiion  of  Vpssch. — (1)  Ex- 
pose  the  vessols  bv  a  large  incision 
and  disscct  tlipin  frcc,  sccnring  n 
large  operating  ficld,  (2)  Catch 
aH  bleeding  points  and  make  the 
Moiind  as  "drv"  aa  possible.  (3) 
Caiiae  temporarj  lieniostaaia  of  the 
artery  by  clamps,  forcepa,  or  rub- 
ber banda  placed  a  few  centimetera 
from  the  site  of  the  future  anastomosia ;  clamping  or  ligating  aH  collaterals  that 
interfere.  (4)  Resect  the  sheath,  and  trim  the  enda  of  the  vessele  aa  may  be 
neeessary.  (5)  Tntroduce  the  ends  of  the  avringe  iiito  the  veaaela  and  wash  out 
the  blood  from  them  and  from  the  operating  field,  and  remove  the  fluid  with  dry 


Fin.  30. — Carrel' 

:  Application 
Rbtainiho  Sutcbes. 


OPERATIONS    UPON    AKTERIES 


2eo 


gaiize  and  foreeps.  (G)  Coat  tlie  vcsacla  and  surrounding  parts  with  wanii 
vaaelin.  (7)  l'iace  the  blaek  ailk  field  slieet  around  the  vessel  ends  {Fig.  29). 
iS'M/ure.— 1'lace  and  tie  the  Hrst  poaterior  retainuig  stitcli  on  the  posterior 
aspect  of  the  veasels'  ends  near  the  edges.  Fix  the  short  end  in  a  small  foreepa 
and  lay  the  long  end  in  the  needle  upon  the  hlačk  towe1  to  use  for  the  continuous 


Pio.  33. — Cabrel'b  Method:  Cihciw- 
riRENCE  or  Abterv  Tkanspouibd 
INTO  A  Triangle  bi  Traciton  on  thb 

RBTAINIHa   STITCHB«, 

auture.  I'lace  the  aecond  posterior  retaining  stitch  120°  from  the  first,  out  a 
convenient  length,  and  fix  both  ends  in  a  small  foreepa  (Fig,  30).  Make  a 
slight  traction  on  botli  posterior  stitchea  and  introduce  an  anterior  traction 
thread  equidistant  from  them  (Fig.  31). 
The  ends  of  the  artery  must  come  to- 
gether  without  stroiig  traction. 

Convert  the  eircnmforence  of  the  ap- 
proximatod  ends  into  a  triangle  by  draw- 
ing  npon  the  traction  threads  (Fig.  '^'2), 
and  nnite  them  by  a  contimioue  over- 
hand  suturo  (Fig.  33)  with  the  original 
needle  and  silk,  beginning  near  the  tirat 
poaterior  traction  stitch  and  carrying  it 
around  the  vessel  to  the  same  point, 
sqiieezing  out  vaaelin  hefore  closuro  ia 
completed.     Only  a  few  stitchea  hetvveen 

traction  threads  are  necessarv;  three,  for  examptc,  in  an  artery  the  size  of  a 
dog'8  carotid.  Take  grojit  oarc  to  approximate  tho  dividcd  siirfacca  exactly. 
Thcy  mnst  not  come  into  contact  with  the  blond  streani.  Carcfuily  esamine 
the  line  of  auture  and  cioao  aiiv  i;apa  hy  an  additional  atitch. 

Reestabliskment  of  Ihc  Cirailalinn. —  IMaccgauze  sponiies  on  the  auture  lino 
aad  make  gentle  pressure  whilc  the  clanips  nrc  icmovcd.  Kxpcct  aome  Icakago 
diiring  the  firat  minute,  but,  if  snitic  Mecding  pcraista  when  the  sponges  are 
reraoved,  after  two  or  three  minutcii,  (■OTiiplciTicnfary  stitchcs  may  be  added. 
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Then  wash  thc  vessels  and  the  woun(i  with  Ringer's  solution,  and  close  the 

wound  without  drainage. 

Other    AIethods. — Guthrie'8    technic,     as    recently    published,     difFers 

8omewhat  from  CarreFs  in  minor  points.     lic  iises  Kirby's  needlea,  No.  12  to 

Xo.  16,  and  '*bead  silk,"  whole  for  larger  vessels,  and  untwi8ted  for  small.    Ile 

prefers  to  oeclude  the  vessel  bv  narrow  tapes,  held 
in  forceps  (Fig.  5),  and  lie  removes  the  blood  from 
the  divided  ends  on  to  a  gauze  sponge,  by  gentlv 
stripping  them  between  the  fingers  instcad  of  wash- 
ing  with  a  sjringe,  and  wipes  out  his  woiind  with 
a  gauze  sponge.  After  removing  the  blood,  he  ap- 
plies  a  little  oil  to  the  cut  ends  instoad  of  coating 
with  vaselin.  Ile  uscs  one  posterior  and  two  an- 
terior  traetion  threads  instead  of  the  reverse,  and 
lightly  oils  his  fingers  before  afRxing  them.  Ile 
plaees  the  stitches  of  his  contimious  sutnre  aboiit 
Y2  iiiDi.  from  the  cut  edges,  and  the  same  distanee 
apart,  and  intcrnipts  the  circular  suture  twice  by 
tying  it  at  120°  intervals  to  the  traetion  threads. 
Guthrie  say8  suitable  silk  can  be  procured  from 
James  Pearsall  &  Co.,  71  Little  Britain,  London ; 

needles  from  Kirby,  Beard  and  Co.,  Ravenhurst  Works,  Bradford  St.,  Bir- 

mingham. 

Jeger,  in  describing  CarrcFs  method,  emphasizes  a  practical  point  illustrated 


FlO.    34. CORRECT    DiREcnoN 

OF  Needle  Introducino  Stav 
Suture.  Dott«d  line  show8 
incorrect  direction. 


Fio.  35. — Ttino  the  Stat  Suturb. 


in  Figure  34.  The  vertical  introduction,  rathcr  than  the  oblique,  of  the  needle 
throngh  the  vessel  wall  has  the  eflfect  of  slightly  cvcrting  thc  cut  edges  of  the 
vcsscl  segment  when  thc  sutures  are  tied,  as  shown  in  Figure  35.    Ho  stronglv 
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Fio.  36. — Anoulation  of  thb  Vebsel  to  Facii/- 

ITATE  InSERTION  OP  CoNTINUOUS  SuTURB. 


advises  against  the  use  of  forceps  and 
sajs  if  they  are  absolutelj  necessarj 
that  they  should  grasp  the  vessel  only 
between  its  cut  edges  and  the  suture 
line,  not  beyond  this,  so  that  the  portion 
thus  injured  shall  not  touch  the  blood 
stream.  He  reeommends  angulating  the 
vessel  at  the  line  of  junction,  as  8hown 
in  Figure  3G,  to  facilitate  the  insertion 
of  the  continuous  suture.  Like  Guthrie, 
he  ties  the  continuous  suture  to  the  ten- 
sion  siAure.  He  places  his  stitches 
slightly  closer  together  than  Carrel  in 
the  continuous  suture.  If  comple- 
mentary  sutures  for  a  spurting  point 
aro  necessary,  he  9ays  that  they  should 
embrace  aH  the  coats  of  the  vessel 
(Guthrie  to  the  contrary),  lest  intima 
be  not  brought  to  intima.  If  further  sutures  are  needed  to  stop  oozing  only, 
these  he  does  not  make  through  and  through.     And  if  they  fail  to  control  the 

bleeding  he  applies  a  bit  of  muscle  to  the  plače 
or  wrap8  a  strip  of  fascia  or  peritoneum  around 
the  anastomosis,  as  in  Figure  37.  He  calls 
suture  of  the  adventitia  superfluous.  For  deep 
vessels  he  ad«^ises  that  the  tension  sutures  be 
"U"  sutures  and  of  heavier  silk,  if  intended  for 
unusual  tension.  He  reeommends  the  use  of 
Horsley's  tension  suture  holder  (Fig.  38),  or  Jeger's  instrument  (Fig.  39),  for 
the  same  purpose. 

Horsley  has  devised  an  ingenious  instrument 
for  holding  the  stay  sutures,  in  end-to-end  anas- 
tomosis (Fig.  38) — "a  Steel  shaft,  1/16  inch 
thick,  curving  at  one  extremity  into  a  shorter 
shaft  and  flattened  at  the  angle  to  make  it 
springy.  Thcrc  are  five  buttons  to  fasten  the 
thread  to."  He  emplovs  a  continuous  mattress 
suture  and  everts  the  odges  of  the  vessels. 

Dobrowol8kaja  has  recently  experimented 
with  complicated  incisions,  in  the  efTort  to  pre- 
vent  narrowing  of  lumen  in  end-to-end  siitnre  of 
vessels  of  small  caliber.  The  indentcd  incision  is 
the  simplest.  This  is  niade  trianij^ular  to  the 
middle  of  the  vessel  (Fig.  40),  ono  seirineiit  rotated  00°,  and  the  long  point 
brought    together   with    stay    sutures,    leaving   \vidc   diamond-shaped    defects. 


Fig.  37. — Reinporcement  of  thb 
Anastomosis  with  a  Strip  of 
Fabcia  or  Peritoneum. 


Fio.  38.— Hor8ley*8  Tension 
Suturk  Holder. 
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The  edges  of  these  are  approximated  by  lateral  traction  on  the  staj  suture  and 
then  united  by  a  continuous  suture.  This  results  in  a  widening  of  the  lumen 
at  the  line  of  suture  which,  it  is  said,  8hows  a  tendency  to  disappear  after  a 
while.  Human  hair  or  silk  No.  00  on  straight  needle  were  used  and  it  is  said 
that  these  complicated  incisions  and  sutures  apparently  do  not  endanger  the 

vessels.  They  may  also  be  used  to  accommodate 
an  artery  to  a  larger  vein,  in  end-to-end  suture. 
0'Day  has  recently  reported  a  successful 
modification  of  Payr's  invagination  in  which 
he  used  a  circular  ligature  instead  of  a  ring,  to 
tum  back  a  cuff  on  the  proximal  segment,  and 
fastened  the  cuff  by  quadrant  sutures  tied  to  the 
ligature.  He  then  invaginated  the  proximal 
into  the  distal  stump  and  sutured  the  latter  to 
the  cuff  by  a  running  stitch.  He  draw8  the 
previously  retracted  adventitia  toward  the  line 
of  union  before  removing  the  temporary  hemo- 
statics,  and,  if  complementary  sutures  are  neces- 
sary,  he  advises  that  they  should  include  only 
the  outer  coats. 

Choice  of  Uethods. — T  h  e  invagination 
method  of  Murphy  is  objectionable  in  that  it 
narrows  the  lumen  and  shortens  the  vessel  itself 
and  is  liable  to  be  followed  by  thrombosis  because  it  leaves  a  raw  surfacc  in  con- 
tact  with  the  blood  stream.  With  the  exception  of  the  last,  Payr'8  method  has 
the  same  drawbacks  and,  moreover,  it  requires  a  special  implement,  the  ring, 
which  may  not  be  at  hand,  and  may  cause  thrombosis  by  pressure  necrosis  of 
the  ring  on  the  vessel  wall.  l^road  marginal  confrontation,  whether  by  suture 
or  metal  flanges,  also  somewhat  reducea  the  vcsseVs  length.     The  direct  mar- 


Fio.  39. — Jeobr*8  Tenbion 

SUTURB    HOLDER. 


V 


Fio.  40. — Dobbowolskaja'8  Flap  Incision  for  Wideninu  Small  Vebsels  at  the  Line  of  Union. 


ginal  approximation,  on  the  otlier  hand,  neithcr  shortens  the  artery  nor  appre- 
ciably  narrovvs  its  lumen.  Moreover,  it  can  be  done  witho\it  anv  special  equip- 
ment  other  than  well-lubricated  suture  material  and  needles  of  requisite  fine- 
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ness.  But  above  ali  in  its  favor  is  the  excellence  of  its  published  results,  as  ob- 
tained  in  experimental  work.  It  requires,  perhaps,  a  higher  degree  of  dexterity 
to  accomplish  than  a  union  by  invagination,  or  with  metal  flanges;  but  this 
need  deter  no  one  who  is  williug  to  spend  some  time  in  praeticing  its  technic. 
Matas  say8:  "The  Carrel  tecfanique  bas  become  the  raethod  of  election  at  the 
present  time." 

Jeger  calls  CaprePs  the  best  technic  for  the  surgeon  skilled  in  blood  ves- 
sel  work,  but  points  out  that  it  is  difficult  and  takes  considerable  time  in  the 
impracticed  hand,  although  Carrel  can  do  a  circular  suture  in  five  minutes. 
Further  he  say8  that  Payr'8  method,  while  not  olfering  the  same  safety  (as 
regards  thrombosis)  as  CarTePs,  is  far  simpler,  more  rapid,  and  is  especially 
applicable  in  accidents,  in  war  time,  etc.  This  method,  with  modifications  as 
praeticed  by  him,  bas  given  good  results. 

In  regard  to  the  restoration  of  vascular  ehannels  in  general,  Guthrie  believes 
it  is  safe  to  say  that,  when  patency  of  lumen  can  be  preserved,  it  is  better  to 
repair  the  defect  by  suturing  than  to  ligate  the  vessel.  He  adds  that  in  the 
event  of  much  vessel  wall  being  destroyed,  or  if  it  bas  to  be  removed,  then 
preservation  becomes  doubtful;  and  one  of  four  things  can  be  done: 

(1)  Ligate  on  both  sides  of  the  defect, 

(2)  Eestore  defect  by  a  patch, 

(3)  Transverse  excision  with  circular  suture, 

(4)  Transverse  excision  with  transplant  by  circular  suture. 

The  first  is  safe  on  secondary  arteries,  like  ulnar;  less  so  on  intermediate 
arteries,  like  brachial ;  unsafe  on  primary  arteries,  like  renal. 

The  second  is  more  complicated,  difficult  and  liable  to  thrombosis  than  cir- 
cular suture. 

The  third  is  preferable,  if  it  does  not  cause  too  much  tension. 

If  there  is  too  much  tension,  use  the  fourth  procedure, 

\Vith  asepsis  and  careful  suturing  an  arterial  anastomosis  involves  no 
greater  dangers  than  are  encountered  in  any  other  class  of  operations  upon 
important  anatomical  structures;  and  the  difficulties,  while  considerable,  are 
such  only  as  can  be  overcome  by  patience  and  perseverance.  The  invagination 
methods  would  probably  be  found  the  easiest  in  the  majority  of  hands;  but 
this  is  not  sufficient  to  prefer  them  over  the  direct  marginal  suture.  The  intro- 
duction  of  the  least  infection  into  the  wound;  any  but  the  gentlest  handling 
of  the  vessels;  carelessness  in  allowing  them  to  dry  out  or  to  be  invaded  by 
foreign  tissue,  or  tissue  juices ;  failure  to  remove  blood  and  blood  clots ;  these 
are  the  causes  that  may  act  to  invalidate  the  operator's  efforts  by  indncing 
thrombosis.  An  ill-placed,  insecurely  tied  suture,  or  too  great  tension  on  the 
sutures,  may  permit  of  sccondary  hemorrhage,  though  this  is  rare;  and  a  cer- 
tain  degree  of  stenosis  may  be  produced  by  too  small  a  ring  or  by  a  continuous 
suture  too  tightly  dra\vn. 

Carrel  savs  of  his  method :    ^^If  the  technique  herc  described  is  followed,  no 

complications  oecur."     And  his  results  bear  out  this  bold  stateinent. 
19 
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Kesults  of  Circular  Suture  of  Arteries. — Buchanan  coUected  from  tlie  liter- 
ature 29  cases  (besides  his  own)  up  to  Nov.  1,  1911.  From  an  analysis  of 
these  cases  it  appears  that  the  mortality  was  6  2/3  per  cent. ;  and  complete 
recoveries  with  good  circulation  of  the  parts  83  1/3  per  cent. ;  while  the  partial 
recoveries,  in  which  gangrene  requiring  amputation  gave  incontrovertible  evi- 
dence of  failure  to  reestablish  a  normal  circulatory  condition,  were  10  per  cent. 

It  is  not  apparent  that  either  of  the  two  deaths  wa8  directly  attributable  to 
the  operation.  One  wa8  reported  as  duo  to  delirium  tremens;  and  the  other 
patient  was  said  to  be  moribund  from  hemorrhage  whcn  operated  upon.  A  bet- 
ter  selection  of  cases  wou]d  perhaps  have  resulted  in  lower  mortalitj. 

The  only  autopsy  reported  8howed  "artery  pervious  (after  5  day8)  with 
thrombus  in  part  of  its  luraen." 

Now,  as  to  the  recoveries,  it  is  reasonable  to  suppose^  if  the  pulse  below  the 
injury  has  been  feeble  or  imperceptible  before  operation  and  becomes  stronger 
soon  after  the  anastomosis  has  been  accomplished,  that  blood  is  reaching  the 
distal  portion  of  the  vessel  via  the  anastomosed  segment;  and,  if  the  pulse  re- 
mains  strong  without  intermission,  it  is  fair  to  believe  that  the  patency  of  the 
luraen  has  been  maintained.  But  if  the  pulse  does  not  very  rapidly  retum  after 
anastomosis,  or  if,  having  rapidly  retumed,  it  later  disappears  or  becomes  very 
much  fecbler,  it  would  appear  probable  that  the  lumen  of  the  vessel  has  been 
narrowed  or  obliterated  at  the  anastomotic  site,  and  that  collateral  circulation 
was  responsible  for  the  healthy  condition  of  the  part  distal  to  it.  Naturallj,  if 
gangrene  appears  in  the  part  distal  to  the  suture,  one  supposes  a  failure  due  to 
complete  or  nearly  complete  occlusion  of  the  vessel  operated  upon,  as  well, 
probably,  as  to  a  serious  amonnt  of  damage  in  the  collateral  vessels,  such  as  maj 
have  occurred  in  crushing  injuries.  Arguing  on  this  basis,  it  is  not  clear  that 
more  than  11  of  the  above  reported  cases  were  successful  in  reestablishing  and 
maintaining  the  circulation  through  the  injured  segment,  since  in  only  11  is 
the  pulse  stated  to  have  returned  vvithin  24  hours ;  and  Thoma  8ay8  that  retum 
of  pulse  (dne  to  collateral  circulation)  beIow  the  ligated  main  trunk  of  a  ves- 
sel can  occur  as  earlv  as  24  hours  postoperative,  in  young  subjects,  and  pro- 
portionately  later  in  older  persons.  This  would  be  36  2/3  per  cent.  of  operative 
successes  in  a  strict  sense;  but,  since  there  were  over  80  per  cent.  of  recoveries 
with  good  circulation,  it  is  just  to  sav  that  the  anastomosis  had  perhaps  served 
its  purpose  by  permitting  a  partial  but  sufficient  flow  of  blood  to  reach  the 
distal  parts  during  the  tirne  required  for  development  of  the  collateral 
supplv. 

The  results  of  arterial  circular  suture  in  animals  are  more  brilliant.  An 
analvsis  of  the  results  of  Borst  and  Enderlen,  Yamanouchi,  Ward,  Stich,  Glass- 
tein,  and  Carrel,  as  qu()tod  by  Jeger,  shows  71.2  per  cent.  successes  in  a  total 
of  148  cases  done  bv  the  Carrel  method. 

Jeger  quotes  an  interesting  compilation  by  Sofoteroff  which  compares  the 
relative  percentage  of  successes  in  end-to-end  anastomosis  of  vessels  by  Mur- 
phy'a,  Payr's  and  CarreFs  methods : 
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etlioJ,  15.5  per  cent. 
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Arteriovenous  anastomosis  is  tbe  pi^ocpdiire  of  fomiing  a  communication 
l>etween  an  artery  and  a  vein  in  sucli  manner  tbat  the  arterial  blood  is  adniitted 
to  the  vcin  for  the  purpoae  of  displacing  its  contenta  and  caneing  reversal  of 
t  h«  circulation. 

Thn8  far,  this  procedure  bas  been  used  only  in  cases  of  expected  or  actual 
gangrene  of  the  limbs  due  to  (1)  ItavnaHd'a  diaeaee;  (2)  obstniction  of  tbe 
ntatn  arterv  from  endarteritis,  thrombn-arteritia,  embolus,  or  traiima.  The 
instnitncnta  rec[iiired  are  the  same  as  for  sutnrc  of  arteries.  The  anastomosia 
iiiav  be  nimlc  enii-toend,  sidc-to-side,  or  end-to-side. 

End-to-End  Arteriovenous  Anastomosis. — MUBPHVSMETHOD.—Tliesteps  in 
tlio  invafiiiiatioii  metbod  aro  as  follow3:  [1)  Expo9e  Rrtery  and  vein;  Uolato 
both  and  provido  teinporarv  beraostasis.  (2)  Divide  botb  vessels,  the  vein 
l/<j  incli  to  %  inch  bigber  tlian  the  artory,  if  possible,  (3)  Ligate  permanently 
the  distai  stump  of  tbe  artery  and  proximal  stunip  of  vein.  (4)  Apply  forcepa 
(Fig.  18)  around  distai  segment  of  vein  near  its  cnd ;  evert  and  roU  baek  open 
end  of  vein  like  a  ciiff  npon  it.  (5)  Suture  cut  end  of  arterv  to  rellected  border 
of  venons  cnff  by  interrupted  atitcbes.  (6)  Puli  roflocted  vein  cuff  forward 
over  line  of  suture  and  stitcb  ita  cut  edge  to  onter  surface  of  artery.  (7)  Ee- 
movo  forcepa  and  close  wound  without  drainage.  Murpby  now  ušes  tbis  metbod 
in  arterial  suture  also. 

CARBEL'8  MBTHOD. — The  procedure  in  end-to-end  suture  of  artery  to 
vein  ia  the  aanie  aa  in  hia  metbod  of  uniting  arterv  to  artery  except  tbat  the  cut 
edge  of  tlio  vcin  ie  aomewhat  e\erted,  ao 
tliat  its  endotbelial  surface  lica  againat 
the  cut  edge  of  the  artery  (Fig.  41). 
Aa  the  vein  is  U8ually  larger  tban  the 
artcry,  sufficient  puli  ia  exerted  upon 
tbe  tbree  traction  anturea  to  strptch  the 
arterv  nearer  to  tbe  size  of  tbe  vein  and 
each  stitch  of  the  eontinuous  suture 
is  made  larger  on  tbe  vein  and  at   a 

elightlv  greater  distance  from  ita  cut  edge  than  tbe  eorreaptinding  stitcb  on  tho 
artery.  This  haa  tbe  cfFeot  of  aligbllv  pnckcring  the  vein  and  tbus  redueea  it8 
liinien  to  rorrespimd  witli  tbat  of  tbe  artery.     (Fig.  42.) 

End-to>Side  Arteriovenons  Anastomosi«.— End-to-aide  (Carrel  and  Guthrie) 
anaatnmiiaia  (for  arterial  or  arteriovenous  anaatomoais)  may  be  made  by: 

f  I )  Preparing  the  proximal  atump  of  the  artery  aa  for  an  end-to-end  anaa- 
tomoais and  ligating  tbe  distai  end.  (2)  Temporarv  bcmoataaia  is  then  applicd 
tO  the  oorresponding  segment  of  tbe  vein,  after  being  isolated,  and  an  ellipticBl 


Endb   Carrel) 


I 
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openiiig  made  iiito  it  u  tritte  larger  tliaii  tlie  aize  of  tlie  arterial  himen  hy  lift- 
ing  up  a  bit  of  its  waU  in  forcepii  and  cutting  it  ont  witb  sharp  sciasors.  (Fig. 
43.)     (3)  The  blood  i«  tltcn  pressed  oiit  and  the  edges  of  tlie  opening  vaselined 


Fig.  42. — End-to-eho  Artehiovenoub  Ana^- 
tomosib:    Application    of    Contikdoub 

SCTURB    (CaiTol). 


uimiimi/mimimiiii'"!'''"' 


aiid  threc  or  four  traction  Buturea  tied  on  the  outside  of  the  Tessels  are  made 
to  approximate  the  end  of  the  arterv  to  the  side  of  the  vein  {Fig.  44).  (4) 
Traction  on  thcse  s\iti]re3  trian^ilates  or  sqiiare8  the  jiinction  of  the  vessels 
and  a  continiious  siitiire  is  made  to  iinite  their  edges  (Fig.  45).  (5)  The  vein 
is  pcnnaneiitly  ligatcd  above  the  point  of  anastomosis,  and  the 
tfiiiporiirv  hemostats  on  vein  and  artery  romoved. 

Thev  also  doscribe  a  "patching"  method:     If  one  of  the 

vcsscis  is  too  siiiall  to  handle  eonvenientIy,  it  maj  be  escised 

witli  a  part  of  the  wa]l  of  its  parent  trunk  (Fig.  46)  and  the 

latter  attaclied  to  the  oval  opening  in  the  other  vessel  (Fig. 

47)  and  imited  with  it  by  continiioiis  suture  (Fig.  48). 

RELB    Patch-  WIETING'8  method. — Wieting'g    method   of    end-to-flide 

Smau.  v™bel       anastoiiiosis,  practiciillv  similar  to  Van  IIook'8  termiuotateral 

Rxci«Ki>  wiTH       nretoronroteral  anastomosis,  is  open  to  the  theoretical  objec- 

(Carrci).  tion,  at  ioiiHt,  of  leaving  a  raw  cdge  in  contact  with  the  blood 

sti-cam.     The  pr<)xinia]  ont  end  of  the  artery  is  introduced 

tbroiigh  a  slit  in  tho  side  of  the  vein  and  anchored  tbere  by  one  retaining  suture 

that  is  tipd  on  the  ontside  of  the  vein,  and  a  eontiniioiia  auture  unites  the  cut 

edges  of  tlie  vein  to  the  oiitor  mirfaco  of  the  artery.     The  vein  ia  then  ligated 

closelv  proximal  to  the  anastomoais. 
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JEGER'S  METHOD. — Jeger  lias  devised  a  method  for  end-to-side  anas- 
tomosis  far  superior  to  Wietmg'8.  It  is  described  under  operations  on  veins, 
biit  it  might  be  applied  to  arteriovenous 
anastomosis. 

Side-to-Side  Arteriovenoiu  Anastomo- 
sis  CARREL'8    METHOD. —  (1)      After 

proper  exposure,   isolation   and   hemo- 

stasis,   both  vessels  are  opened   longi- 

tudinallj,  at  corresponding  points,  for 

a  distance  a  little  greater  than  the  di- 

ameter  of  tlie  artery,  by  incision  with  a 

scalpel  or  excision  of  an  elliptical  flap 

vvith  scissors,  and  the  adventitia 

trinnned  away.      (2)   Traction  siitures 

aro  then  placed,  nniting  the  distal  and  proxinial  ends  of  these  openings  (or 

pH)ints  close  to  theni  on  the  adjacent  ciit  margins)  and  tied  on  the  outside  of 


Fid.  47. — Carrel'8  Patchino  Method:  Stav 

SUTUREH    InBEKTED. 


Fig.  48. — Carrbl*8  Patchino 
Method:     Suturb     Com- 

PLETED. 


Flo.  49. — Side-to-sidb  Ana»- 
T()M08i8:  End  Tenbion  Su- 
tukeb  Tied,  Adjacent 
Maruin8  United  by  Con- 

TINUOU8      SuTURE,       AnTE- 

RioR  Tenbion  Suture  In- 

SERTBD       BUT       NOT       TlEU 

(C^airel). 


FlO.      60.  —  SiDE-TO-SIDB 
ANABTOM08I8:        ANTE- 

RioR  Tenrion  Sutube 
Tied;  Continuous  Su- 
tube Nearing  Com- 
pletion  (Carrel). 


the  vessels.     (3)  While  traction  is  made  on  these  sutiires,  the  needle  on  the  long 
end  of  the  distal  one  is  made  to  ponetrate  the  wall  of  the  vessel  from  without 

inward  and  a  continnous  suture  is 
carried  bv  ineans  of  it  along  the 
adjacent  mar^ins  of  the  openings, 
on  tlicir  cndothelial  aurfaco,  and 
after  piorcing  the  wall  at  the  prox- 
iinal  end  of  the  opcning  is  tied, 
on  the  outside  of  the  vessels,  to 
tlie  proxinial  traction  suture  (Fig. 
40).  (4)  A  third,  or  anterior, 
traction  suture  is  then  made  to 
approxiuuite  the  distal  margins 
of  the  two  openings  in  the  ves- 
sels at  their  middle  and  tied  on  their  outer  surfacc.  (5)  Traction  on  this,  and 
upon  the  posterior  proximal  and  distal  traction  sutures,  angulates  and  approxi- 


FiG.   61. — SiDE-TO-aiDB   Anabtomosis   Complbted, 
Sbowino  £xtba  End  Sutu&bs  of  Guthbib. 


mates  the  anterini 
tion  of  the  sntiire, 
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niarp;iii3  of  the  woHiid8,  whieli  are  tlien  unitcd  by  a  continua- 
ivorking  iipoii  the  adventitial  siirface  of  the  vessels,  whicli  has 
alreadv  been  iiaed  to  iinite  the  poaterior  {or 
adjacent)  niargins  of  the  vesael  openings. 
Thia  JB  tied,  at  its  completion,  to  the  distal 
traption  sutiire  (Fig.  50). 

GUTHKIE'a  METHOD.  —  G  U  t  h  r  i  e  '  8 
nicthod  ditfors  froin  Currel"a  in  the  follow- 
iiig  respects: 

Guthrie  makca  the  opeiiinga,  in  width, 
aboiit  i/|  and,  in  Icngtli,  about  1'.^  the 
ilianietcr  of  Hiv  vesail,  if  the  onlirc  eirciila- 
tioii  of  one  vcBsel  is  to  Ih)  divertetl  throviph 
tlie  anastomosis,  Ile  places  a  temporarv 
pt>sterior  traetion  loop  uiidway  bctM-een  the 
[iroximal  and  distal  traetion  sutures  to  aid 
i  II  approsiiuating  the  adjacent  margina 
n-hile  thev  are  being  united  with  the  con- 
tiniioiis  sutiire.  Thia  is  placed  on  the  in- 
terual  aurface.  ia  not  tied.  and  is  cut  and 
withdrawn  before  the  anterior  traetion  8U- 
ture  ia  introdiiced.  Ile  tiea  the  coDtinuoiis 
siitnre  with  the  anterior  traetion  auture  as 
well  as  with  the  proxiiiiat  and  distal.  Tf 
niiieh  strain  ia  likel_y  to  be  exerted  iipon  the 

suture  line,  he  reinforoes  it,  at  proximal  and  distal  ends  (Fig.  51),  by  a  some- 

what  coarser  aingle  snture. 


D I  VIDI  mi    ' 

AHABTOUOtI 

Gapino  op 


i:  Startino  I 
The  knot  ia  tied  ob 
of  tbe  VDBsels. 


LESPIN.48SE  AND  EISEN3TAEDT  METHOD,— Thev  have  used  oval  mag- 
neainm  plates,  aimilar  to  thoae  used  for  end-to-end  anastoniosia,  but  the  method 
is  les3  promising  than  that  by  siraple  suture. 


OPtUlT 


BERNHEIM  AND  STONE  METHOD.^ — {I }   Aftor  diasection  and  elainping  of 
the  vessels  witli  biiH-dogs  or  Crile  cinmps   (nibber-sbod),   "a  aharp  cataract 


Fiu.    56.— BE&NaciM's    Anastomi 


,  Antbhiob  Row 


knife,  beld  transverse  to  the  loiig  axis  of  tbe  vesael, 
arterj  iu  a  direction  obIiqiie  to  the  horizontal  plane 
so  as  to  form  a  sector  of  tbe  himen  witb  ita  are  eqiial 
to  about  1/)  of  tbe  ciicjimferenca  The  knife  is 
thruat  in  with  ita  ciitting  edge  iip  and  toward  tbe 
adjacent  vein.  Tbe  overl3'iiig  %  of  tbe  arterv  ie 
then  divided."  (Fig.  52.)  (2)  Wa9b  out  ali  biood 
wjtb  saliue  and  moisten  lumen  and  other  snrfacea 
with  liqiiid  vaselin.  (3)  Protect  tbe  arterv  witb 
vaseliD-fioaked  gaiize  and  make  a  similar  incision  in 
vein  so  that  it  looks  toward  the  arterv.  (4)  The 
suture  is  then  (Fig.  53)  stnrted  at  the  tower 
end  of  the  two  incriaions,  tied  on  the  oiitside  oE 
the  vessels,  and  inade  continiioiiB  (Fig.  54)  baek 
to  the  starting  point,  wbere  it  finishes  by  ty!ng 
with  the  first  end  (Fig.  55).  (5)  Ligate  vein 
on  proxiuial  eide  and  looeen  distal  venoiia  elampa 
(F''ig.  S6}.  ((J)  Looatm  diatal  and  then  prox- 
inial  arterv  clanips.  (7)  Reinforce,  if  necessarv, 
ior  leakflgc. 

TSiTnheim  thinks  lateral  artoriovenimM  anaato- 
raosi«  bettor  than  end-to-end  hecaiiae  it  allows  Hnin« 
blood  to  continne  down  the  artery  and  does  not  en- 
tirelv  ciit  off  thi^  circnlation  if  the  voin  beconiea 
occlndcd  bv  thrombosis. 

Ohoice  of  Uethods. — If  one  jiidges  by  reanlta, 
Uie  choice  nf  metlioda  ia  difficult.     Tn  the  aeriea  of 
ca«fl  colleeted  by  llalatead  and   Vaughan   tbe  techn 
mentioned  in  17  caees: 


ia  plunged  through  the 
in  wbicb  the  veaael  lies, 
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No.  or 
Casbb 

Deaths 

Pabhal 
Rbcovkbt 

OOMrUBTB 
RaCOVKBT 

6 
6 
5 

Wieting:  lateralimplantationarteryintoyein. 
Carrel :  end-to-end  suture  of  artery  into  vein. 
Invagination:  end-to-end,  of  artery  into  vein. 

3 
3 
3 

2 
2 
2 

1 

1 

•   • 

In  Bernheim'8  collection  of  cases  there  were  46  in  which  the  technic  used 
wa8  speci  fied : 


23 

12 

9 

2 


Carrel:  end-to-end  sutures 

Lateral  anastomosis 

Wieting'8  intubation 

End-to-end  invagination . . , 


34.78% 
33.33% 
22.22% 
50.00% 


So  far  Bernheim  seems  to  have  had  the  best  results  of  any  one  operator, 
but  his  method  has  not  been  used  by  others  sufl5ciently  to  judge  its  efficiencj  in 
general  hands. 

This  is  an  operation  by  no  means  devoid  of  danger  in  the  class  of  cases  for 
which  it  has  been  employed.  Halstead  and  Vaughan  have  collected  41  cases, 
with  42  operations,  up  to  January,  1911,  and  of  these  21  died,  11  after  the 
primarv  operation,  9  after  a  secondary  amputation,  and  1  after  opening  a 
secondarv  absc^oss.  l'lirec  of  tliese  21  deaths  were  apparently  directly  attrib- 
utable  to  the  anastomosis  operation. 

The  sanica  canses  of  failure  act  bere  as  in  arterial  anastomosis,  thrombosis 
being  by  far  the  ('oninKrnest.  Hesse  performed  thronibectoniy  for  a  thrombus 
that  fornied  whilo  be  \vas  doing  an  arteriovenous  anastomosis  between  the 
femoral  arterv  and  long  saphenous  vein.  The  thrombus  at  once  reformed, 
hovvcver,  and  ho  had  to  make  his  anastomosis  end-to-end  with  the  femoral  vein. 
In  the  scrics  of  41  cases  rcported  by  Halstead  and  Vaughan  there  were  28  in 
which  patliological  findings  at  amputation  or  autopsy  were  included.  Among 
these  \vcre : 

Thrombus  in  ali  vossols 6  cases 

Throinbus  in  femoral  artery  above  and  i)opliteal  artery  be- 

low     6  cases 

Thrombus  in  femoral  vein  alone  below 6  cases 

Sliort  eireuiting  by  collaterals  of  vein 1  čase 

Ooclusion  of  central  end  of  artery 2 

This  sho\vs  thrombosis  to  be  a  fertile  cause  of  failure. 
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Besnlts. — In  maiiy  cases  the  immediate  result  is  good,  but,  more  ana  more, 
the  men  who  have  had  experience  with  this  operation  are  coming  to  feel  that 
little  permanent  benefit  can  be  expected  from  it. 

Oppel  8ays  that  arteriovenous  anastomosis  is  successful  only  in  cases  of 
8lowly  progressing  ischemic  gangrene,  not  complicated  by  thrombophlebitis  or 
phlegmon ;  and  he  believes  that  the  improvement  is  dne  to  delayed  venous  re- 
tum  and  suggests  ligation  of  popliteal  vein  as  a  palliative  measure  (instead  of 
arteriovenous  anastomosis).  Hesse,  also,  believes  that  Wieting's  operation  is 
inefficient  and  that  the  improvement  following  it  is  due  not  to  reestablishment 
of  circulation,  but  to  stasis,  which  follow8  stoppage  of  venous  return.  After 
IV2  months  improvement,  his  patient  came  to  amputation  when  it  was  noted 
that  there  was  no  pulsation  in  the  f emoral  vein  and  that  venous  appearing  blood 
flowed  from  the  veins. 

Perimow  advises  anastomosis  of  the  artery  with  superficial  veins  because  the 
latter  have  few  or  no  valves,  on  the  ground  that  the  valves  prevent  reversal  of 
circulation  in  arteriovenous  anastomosis.     This  appears  fallacious. 

Bemheim  say8  that  he  has  successfully  reveraed  the  circulation  in  ali  four 
limbs  of  a  young  woman,  as  evidenced  by  cessation  of  gangrene  of  toes  and 
fingers  and  presence  of  a  palpable  thrill  below  anastomosis ;  a  bruit  audible  to 
the  popliteal  space,  in  legs,  and  to  wrist,  in  arms ;  and  pulsation  of  veins,  f elt, 
in  lower,  and  seen  in  upper,  extremities. 

Ilalsted  and  Vaughan,  of  Chicago,  in  a  splendid  paper  on  arteriovenous 
anastomosis,  have  collected  42  operations,  11  for  "threatened,"  and  31  for 
actual  gangrene.  They  state  that  local  changes,  indicating  an  immediate  im- 
provement, wepe  noted  in  23  cases,  in  order  of  frequency:  (1)  Increased 
warmth  in  the  affected  parts;  (2)  improvement  in  color  (often  the  only  sign 
noted);  (3)  relief  from  pain;  (4)  improvement  in  sensation;  (5)  filling  of 
superficial  veins;  (6)  pulsation  in  veins  of  extreniitie8  below  site  of  anastomosis 
(14  cases)  ;  (7)  return  of  the  part  threatened  by  gangrene  or  the  actual  seat 
of  gangrene,  to  the  normal. 

The  čase  of  Ballance  is  said  to  be  the  only  one  found  where  circulation  wa8 
80  far  improved  by  anastomosis  as  to  control  an  actually  exi8ting  gangrene  and 
bring  about  restoration  of  the  part  not  actually  gangrenous.  In  Wieting's  čase 
there  wa8  no  sign  of  return  of  *Hhreatened"  gangrene  for  at  least  two  months. 
In  aH  the  remainder  of  the  cases  the  f avorable  signs  were  of  short  duration. 


There  were  21  deaths: 


after  primary  operations,       11  ^  ,.,       - 

-  1  .         /^     a  mortalitv  of 

after  secondarv  amputation,    vV^^  *"  , 

-^  .      '  ,  ^50  per  cent. 

after  opening  abscess,  1  ^ 


Death  wa8  directly  traceable  to  arteriovenous  anastomosis  operation  in  3 
cases, — 7.1  per  cent. 

Their  conclusions  serve  very  well  to  exhibit  the  dark  side  of  the  picture. 
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'Thcre  is  experimental  evidence  to  8liow  that  in  animals  the  circulation  through 
the  large  veins  of  the  extremitie8  may  be  reversed,  and  that  it  is  possible  for  the 
normal  prcssurc  in  the  arteries  to  overcome  the  resistance  of  the  valves  in  the  veins. 

"£xpcrimental  and  clinieal  evidence  8how  that  the  anastomotic  opening  is  not 
ptf;nnancnt,  but  that  gradual  obliteration  by  intimal  over£^wth  takes  plače  in  event 
of  ihii  failure  of  early  occlusion  by  a  thrombus. 

'^Thorc  is  not  sufficient  clinieal  evidence  in  the  reported  cases  to  show  that  the 
pn.*HHun*  of  hlood  in  the  arteries  in  the  cases  operated  upon  wa8  sufficient  to  foroe  the 
valvc»8  in  the  veins. 

"It  is  also  shown  by  the  cases  reported  that  earlj  occlusion  of  the  vessels  about 
tiie  anastomotic  opening  by  a  thrombus  wa8  the  rule,  and  in  many  the  openin^  never 
at  any  time  functionated. 

"In  evcnt  of  the  arterial  blood  forcing  the  valves  in  dose  prozimitj  to  the  anas- 
tomotic opening,  it  rcturns  through  the  larger  communicating  veins  in  niany,  if  not 
most,  iiistanccs,  and  does  not  transverse  the  capillaries. 

"A  study  of  traumatic  arteriovenous  aneuiysm  shows  that  with  a  normal  arterial 
pressure  it  rcquires  wecks  or  months  for  the  valves  in  the  communicating  vein  to  be 
overcome,  as  is  evidenced  by  the  gradual  development  of  varicosities  and  the  long 
dclayed  pulsation  in  veins  remote  from  the  seat  of  the  aneuiysnL  Under  these  condi- 
tions,  the  arterial  blood  8upply  is  maintained  partly  through  the  usual  collateral  chan- 
nels  which  are  unobstructed.  In  cases  of  gangrene  from  obliterating  disease  of  the 
arteries,  the  collateral  vessels  are  already  ocduded.  In  such  a  čase,  inunediate  re- 
versal  of  the  circulation  is  imperative.  This  cannot  be  accomplished  at  present:  (a) 
because  of  the  obstruction  offered  by  the  valves;  (b)  because  in  many  cases  the  circu- 
lating  blood  must  also  overcome  the  resistance  offered  by  a  thrombosed  vein;  (c)  be- 
cause the  blood  rcturns  through  the  nearest  communicating  vein  and  does  not  reach 
the  peripheral  capillaries. 

"Our  final  conclusion  is  that  there  is  but  one  indication  for  the  application  of 
arteriovenous  anastomosis  in  surgery;  i.  e.,  in  traumatic  destruction  of  a  principal 
artery,  whore  end-to-end  union  of  the  tom  vessel  is  imi)ossible.  In  such  a  čase,  arterio- 
venous nnnstomosis  might  be  attempted,  and  through  it  we  might  maintain  a  suiHcient 
blood  siipply  to  preserve  the  integrity  of  the  limb  until  an  adequate  collateral  circula- 
tion was  established." 


This  is  a  gloomy  picture,  indeed,  and  Coenen  adds  nothing  cheerfol  to  it; 
but  ali  of  the  cases  chosen  for  this  procedure  were  bad  surgical  risks,  and  none 
of  the  operators  had  previouslv  done  more  than  4  similar  operations. 

A  eriticism  of  their  mistakes  and  a  brighter  view  of  the  possibilities  of 
the  operation  are  piven  by  Bemheim.  He  says  ^^animal  experimentation,  and 
lots  of  it,  is  an  absolute  necessity  to  the  surgeon  who  wishe8  to  do  clinieal  work 
in  the  liold  of  vascular  surgerv."  In  a  paper  on  arteriovenous  anastomosis 
he  collooteil  52  cases  from  the  literature,  up  to  1912,  not  including  15  of  the 
cases  oollected  bv  Ilalstead  and  Vaughan,  but  including  25  cases  not  men- 
tioned  in  their  table.  Of  these  52  cases,  he  calls  15  suocessful.  Of  these 
"sucvosses/"  4  rei|uired  aniputation  within  4  months.  Another  ''success"  died 
of  ervsipelas  on  the  tifteenth  dav  after  operation.  Another  had  been  folIowed 
onlv  '2  months.  Another  had  pulsation  in  vein  noted  only  for  8  days.  In 
another  there  \vas  onlv  impn>vement  in  the  pain.  Ilalstead  and  Vaughan  re- 
ix»rt  two  complote  nvovories  in  their  series  of  42  collected  cases^  or  5  per  cent, 
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and  G  partial  recoveries,  or  14  per  cent.     While  Bernheim  reporta  15  "suc- 
ceases,''  or  28  per  cent. 

It  would  Beem  from  a  review  of  tliese  gtatistica  that  success  means  one 
thiiig  to  one  operator,  another  tu  anotlier.  One  ia  satisfieil  if  the  vein  pulaatea 
for  a  few  monicnts,  while  anotlier  ciemands  that  tbere  be  arreat  of  the  actual 
gun^p^ne  present,  or  a  disappearanee  of  aigns  pointing  to  the  onset  of  an  ex- 
pected  gangrene,  with  retiim  of  the  part  to  normal.  Between  theae  ortreinea 
lie  m8ny  possible  ehances  for  controversy  that  can  never  be  aettled  until  sur- 
geons  agree  upon  a  definition  of  succcbs  in  this  procedure. 

A  middte  ground  seems  safest  as  pointed  out  by  Lilienthal,  wbo  makes 
no  eitravagant  claima.  Ile  believes  that  there  is  a  field  for  the  operation  in  a 
ccrtain  few  selectcd  caaea  and  that  its  attenipt  is  jnstified  in  a  considerable 
nunibcr  as  a  palliative  nieasure  to  delav  aTU]iiitation  or  make  pnsaible  aniputa- 
tion  at  a  lower  level  than  could  otberwiac  be  done. 

In  a  peraonai  eommunication  Lilienthal  atates  that  he  haa  recently  done 
4  casea  of  ligatiou  of  femoral  vein  {as  aiiggested  by  Coenen,  Hesse,  and 
Oppel)  for  expected  gangrene  in  thronibo-angeitia  obliterans,  with  absolute 
relief  of  pain  in  3  cases,  He  sajs  there  is  no  swe]ling  of  the  leg  as  a  result 
of  the  ligation,  but  that,  on  the  contrary,  what  swelling  niay  be  present  ia  re- 
lieved. 

Ahtebial  Seotion 

Arterial  section  is  the  procednre  of  incising  an  flrtery  for  the  removal  of 
B  blood  clot  and  reatoring  the  integrity  of  its  wall  by  auture. 

Bimiie,  pointing  out  the  difference  between  an  embolua  lodged  in  an  other- 
vise  more  or  lesa  healtliy  artery  and  a  thronibus  formed  in  a  segment  of 
injured  or  diseased  vessel,  wiBely  saya  in  regard  to  the  latter,  "removal  of 
the  blood  clot  aloiie  is  vahieless,  as  another  clot  will  form  ininiediately."  Bnt, 
"when  tbe  closure  of  tbo  8rtery  is  dno  to  the  lodgmcnt  of  an  ombolua,  it  ia 
logical  to  open  tbe  veaacl  by  a  longitiidinal  ineiaion  after  providing  for  tera- 
porary  bemoatasis,  extract  the  clot,  »aah  the  interior  of  the  vessel  segregated 
by  tbe  hemostatic  tapes  or  slips  with  salt  solution,  smear  it  with  aterile  vase- 
lin  and  close  the  wound  witb  snturea." 

For  arterial  section  on  vessela  of  tbe  extremiliea  the  same  inatrnments  are 
used  as  in  arterial  siitnrc,  inchiding  a  aharp,  small,  thin-hladed  scalpel. 

Teohnio  of  Operation. ^ — Tho  operation  ia  perfomied  aa  fol]owa:  (1)  Tbe 
an«!ry  is  cut  down  npon  in  the  location  of  the  embolus  and  paSpated  care- 
fullv.  If  it  is  pulseless  and  feels  aoHd  it  ia  carefully  and  gently  laolated 
from  ita  sbeatb.  tempornry  bemostiisia  applied,  if  neceasary,  a  longitudinal 
inciition  made  through  its  supevficial  snrface  and  the  embolua  extracted  by 
finger,  or  forcepa  (which  miist  not  touch  tbe  intima),  or  by  means  of  milk- 
ing  llie  veasel  toward  tbe  wound.  ( 2 )  \Vben  blood  flowB  freely  from  peripberal 
and  central  euds,  temporarv  bcmoataaia  is  applied  above  and  be1ow  tbe  seg- 
ment ibat  contaiued  the  clot,   the  himen   vvaabed  out   with   wann  aaline  or 
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Ringer's  solution,  and  ali  the  blood  vvashed  and  sponged  carefuUj  out  of  the 
surrounding  wound.  (3)  The  interior  and  cut  edges  of  the  vessel  are  then 
moistened  with  liquid  albolene  and  the  incision  closed  in  the  same  manner 
as  described  for  lateral  suture  of  arteries.  (4)  The  wound  is  then  closed  with- 
out  drainage.  (5)  If  the  circulation  has  been  restored  by  the  operation  the 
pulse  should  be  felt  at  once  in  the  artery  or  its  branches  below  the  point  of 
incision.  (6)  In  čase  another  embolus  lodges,  or  a  thrombus  forms  at  the  orig- 
inal site,  it  is  perhaps  better  to  perform  arteriovenous  anastomosis  at  a  point 
below  the  embolus,  if  this  is  possible,  than  to  repeat  embolectomy, 

The  dangers  and  difficulties  are  no  greater  than  in  lateral  arterial  suture, 
but  the  operation  is  very  likely  to  be  unsuccessful  on  account  of  thrombus 
formation  at  the  site  of  the  embolus  and  the  published  results  are  therefore 
bad. 

Sesolts. — Matas  mentions  7  cases  that  were  reported  previous  to  1908.  In 
four  of  these  the  embolism  occurred  in  the  lower  extremity.  In  ali  7  another 
clot  promptly  re-formed  after  removal.  Later  amputation  had  to  be  per- 
formed  in  aH  the  cases. 

The  pulmonary  artery  has  been  sectioned  for  embolus  12  times  (up  to 
February,  1913)  at  Trendelenburg's  Clinic.  There  were  no  permanent  re- 
coveries,  but  one  patient  lived  5  days  after  operation,  dying  of  pneumonia. 
For  such  operations  upon  the  pulmonary  artery  Trendelenburg  has  devised 
special  instruments  which  are  described  with  this  operation, 

I  have  been  able  to  find  but  few  recent  cases  of  arterial  section  for  embolus. 
One  is  reported  by  Key.  Twenty  days  after  an  attack  diagnosed  as  probable 
embolism  or  thrombosis  of  the  mesenteric  artery,  with  recovery  after  palliative 
treatment,  a  man  43  years  old,  with  mitral  stenosis  of  several  years'  duration, 
was  suddenlv  seized  with  severe  pain  in  left  popliteal  space,  coldness  and  loss 
of  sensation  in  leg.  Seven  hours  after  onset  operation  was  performed.  In- 
cisions  over  dorsum  of  foot  and  in  popliteal  space  revealed  empty  vessels.  The 
common,  deep  and  superficial  femoral  arteries  were  then  exposed  and  resist- 
ance  was  felt  in  the  common  femoral  from  its  bifurcation  2.5  cm.  upward, 
which  proved  on  incision  of  the  artery  to  be  an  em.bolus  completely  fiUing  its 
himen.  Clamps  were  placed  upon  the  common  and  deep  femoral  arteries  and 
the  embolus  removed  with  a  consequent  hemorrhage  from  collateral  vessels 
throngh  external  pudic  and  from  the  tissue  incisions  which  had  not  Wed 
before.  The  linib  was  clcvated  after  operation  and  during  convalescence 
there  were  noted  temporary  paralvsis  of  the  femoral  muscles  and  thrombosis 
of  the  externa]  pcronoal  veins,  with  stricture  of  the  gastrocnemius  muscle, 
probablv  causcd  bv  sliglit  ischemic  contracture.  He  found  three  cases  of 
operation  for  embolus  in  the  literature,  one  success  and  two  failures.  He 
does  not  state  whcther  the  pulse  became  or  remained  palpable  in  the  post- 
tibial  arterv,  but  his  čase  seems  to  have  been  successful  in  avoiding 
gangrene. 

Murad  Bey  did  an  arterial  section  for  embolus  of  left  brachial  artery, 
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removed  the  clot  and  did  a  side-to-side  anastomosia  of  artery  and  vein,  central 
to  the  point  of  embolism.    A  new  thrombus  rapidly  fornied. 

Mosuij  and  Dumonl  were  able  to  reniove  an  embolus  froni  the  left  femoral 
artery  G  hours  after  its  lodgment,  through  a  1  cm.  incision  in  the  vessel.  The 
cireulation  retumed  and  continued. 

Lejars  removed  a  soft,  dark  thrombus  f rom  the  femoral  artery  after  gan- 
grene had  set  in  following  thrombosis.  The  gangrene,  however,  wa8  not 
stopped. 

Trendelenburg  suggests  the  intravenous  injection  of  hirndin  to  prevent 
the  re-formation  of  thrombi  in  the  vessels.  Jeger  say8  Bodong  and  Jacobi 
have  8hown  that  in  animals  the  injection  of  considerable  amounts  of  hirudin 
gave  rise  to  no  noticeable  interference  with  respiration,  cireulation  or  general 
condition,  and  that  the  injection  in  the  proportion  of  approximately  1  mg. 
hirudin  to  5  c.  c.  blood  delayed  clotting  for  4i>^  hours. 

Teansplantation  of  Arteries 

So  far,  for  the  reason  that  venous  transplants  are  sati8factory  in  function- 
ing  and  require  no  serious  circulatory  disturbance  to  procure,  transplanta- 
tion  of  arteries  is  not  at  present  being  done  in  human  patients.  In  animal 
work,  however,  the  following  results  are  encouraging. 
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n.    OPESATIONS  UPON  VEINS 


ANATOMIOAL    OONSIDEBATIONS 


In  planning  or  undertaking  anv  operative  procedure  upon  veins  it  must  be 
remembered  that  we  are  dealing  with  collapsible  tubes,  generally  larger  in  size 
than  the  arteries  they  accompanv,  with  much  thinner  walls,  and  with  lumina 
larger  in  proportion  and  guarded  at  intervals  by  valvcs ;  nor  should  it  be  for- 
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gottcii  that,  in  superficial  veius,  thc  anastomosing  plexii8  is  larger  and  denser 
than  in  arterial  vesscls.  Moreover,  it  shoiild  be  underetood  tliat,  due  to  the 
very  different  internal  presaures  niider  which  they  exi8t  in  the  living  oigan- 
isms,  veins  are  nonnallv  not  distended  anvwhere  near  to  their  elastic  limit 
while  arteries  frequently  are  so.  Bcsides  this,  their  wall8,  although  primarilv 
divisible  into  the  same  number  of  lavers  as  those  of  arteries,  contain  much  less 
muscular  and  eomparatively  far  more  elastic  and  fibrous  tissue.  Directly  de- 
pendent  iipon  these  structural  and  functional  differences  we  find  that  a  vein, 
emptied  of  blood,  collapses  and  its  lumen  becomes  obliterated;  that  it  can  be 
stretched,  transversely  and  longitudinally,  to  a  comparatively  greater  degree 
than  an  artery;  that,  when  its  wall  is  partially  divided  by  a  transverse  (or 
more  e8peeially  by  a  longitudinal)  wound,  the  edges  of  this  tend  to  fall  to- 
gether  or,  at  anv  rate,  gape  much  less  than  in  a  similar  arterial  injury;  and 
that,  when  transversely  divided  completely,  their  stumps  do  not  retract  nearly 
to  the  extcnt  of  those  in  a  divided  artery,  nor  does  the  periphery  of  the  vessel 
contract,  nor  does  its  lumen  remain  patent 

OPERATIONS   TO   OHEOK  BlaBEDING 

Postnre. — Elevation  of  the  part  above  the  level  of  the  rest  of  the  body  will, 
by  facilitating  venous  return,  help  to  check  oozing. 

Bandages  and  Compresses. — Bandagcs  and  compresses  applied  closelj  to 
the  bleeding  point  will  readily  check  venous  bleeding  by  pressure  obliteration 
of  the  lumen. 

Oanze  Packing. — Gauze  packing  inserted  f  airly  tightly  into  a  deep  wotind 
will  control  venous  bleeding  in  most  cases  by  partial  obliteration  of  the  lumen 
and  mechanicallv  favoring  clotting. 

Digital  Pressnre. — Digital  pressure  may  be  used  in  the  same  manner  as  to 
control  arterial  bleeding,  except  that  it  must  be  applied  directly  over  the 
bleeding  point  or  distal  to  it. 

Torsion,  Forcipressnre,  Terminal  Ligation  and  ligation  en  Kane. — These 

methods  of  treatment  are  used  in  the  same  manner  as  for  arterial  bleeding. 

Actnal  Cantery. — The  actual  cautery  at  a  red  heat  is  useful,  at  times, 
where  ligation  is  difficult  on  account  of  multiple  bleeding  points. 

OPERATIONS    TO    BESTOBE    OB    BEJSSTABUBH    THE    0IBCni.iLTION 

Lateral  Ligation 

Lateral  ligation  is  the  lateral  application  of  a  ligature  to  elose  a  wound  in 
the  wall  of  a  vein.  It  is  permissible  onlv  in  small  wound8  of  large  veins  where 
the  resulting  plication  of  the  wall  will  not  considerably  encroach  upon  the  size 
of  the  lumen. 

Thc  margins  of  the  wound  are  carefully  grasped  in  a  hemostat  and  drawn 
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gentlv  in  a  lateral  direction  while  a  ligature  is  tied  anmnd  the  base  of  tlie  coue 
fonued  by  that  part  of  the  wall  drawn  out  in  the  graap  of  the  forccjia.  If  the 
lij;alure  includea  the  entire  wound  peripher;y  and  is  properly  tied,  tlie  resiilt  is 
satisfactory,  as  the  lov  blood  pressure  in  the  veiiis  will  not  force  the  ligature 


SUTDRE    OF    VeINS 

In  considering  the  snture  of  veins  certain  anatomical  pointa  regarding  their 
stmcture  luust  be  kept  in  niind.  The  wall  is  thinner,  less  elaatic  and  more 
flaccid  than  in  arteries  and  tbey  are  more  eaailj  torn.  Tliey  require  more 
stitches  in  anastomosis  than  do  arteries  to  prevent  leakage  and  their  edgea 
must  be  everted.  They  aro  more  liablc  to  thrombns  formation  on  accoiint  of 
slover  blood  current  and  less  liable  on  account  of  the  constitueiicy  of  the  blood. 

It  ia  interesting  to  note  the  different  opinioaa  voiccd  r^arding  the  rela- 
Uve  ease  of  accomplishment  of  a  vcin  sutiire  as  compared  with  the  aame  pro- 
cedure in  arteries.  Matas  aayB,  for  cxamp1e:  ''The  auturo  may  be  applied  to 
veins  in  eontiniiity  (lateral  phleborrhaphy)  in  longitudinal,  ohIique  and 
transverse  wouijds.  The  rules  whicli  govern  the  technic  of  arterial  Biiture 
appiv  here  with  the  same  force  and  with  greater  advantage.  The  thinness, 
softnesa  and  siippleness  of  the  venous  walls  make  them  more  amenable  to  the 
Bulure  than  the  arteries,  The  low  tension  of  the  venous  ciirreiit  aiso  favors 
the  maintenance  of  accurate  appoaition  without  tension  and  favors  the  work 
of  rcpair.  The  snture  of  veins  ia,  therefore,  not  onlv  a  miich  easier  procedure 
than  the  suture  of  arteries,  but  the  healing  of  the  line  of  anture  takea  plače 
w^ith  regularity,  provided  sepsis  has  been  rigoroU8ly  excluded."  Jeger,  on  tha 
other  band,  eajs :  "...  suture  of  veins  presenta  various  difliculties  not 
present  in  arterial  suture. 

"Witli  ihe  latter,  the  lumen  remains  wide  open  on  nceount  of  the  thick- 
neaa  of  the  wall;  it  is  plainly  visible  even  in  very  small  arteries,  and  one  may 
Hccomplish  ali  the  procedurca  (suture,  adaptation  of  the  vessel  enda  to  each 
(ither,  and  so  fortli)  with  the  fullest  exposure  of  the  vessel  wall  and  almoat 
without  the  use  of  a  forceps;  and  if  one  has  iirst  properlj  inserted  the  three 
tension  sutures,  the  margina  of  the  vessels  automatically  rest  properly  together 
throuphout  the  wholo  circumference.  Quite  othprwise  ia  the  caae  with  veins. 
Tiiese  collapse  after  being  fully  divided;  the  lumen  is  often  only  to  be  dis- 
covered  after  long  aearch ;  the  veiii  must  be  heid  open  witli  instrumenta,  so 
there  is  naturally  much  handling  of  the  walla  with  forcepa,  and  eon3equently 
numeroufi  lesions  of  the  endotheliiim  itself  are  unavoidable.  It  ia  indeed  trne 
that  the  circular  auture  of  veins,  in  the  hands  of  many  esperiraentera,  has 
afforded  aa  good  or  better  results  than  circular  arterial  suture,  but  this  is 
founded  on  the  greater  diameter  of  the  veins  and  perhaps  alao  on  the  some- 
wbnt  less  active  tendency  to  coagulation  in  the  venous  blood.  In  ordor  to  pro- 
cved  quit«  pafclv,  one  must  absoluteIy  refrain  from  the  above-mentioned 
»oartea  of  failure." 
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Lateral  suture  of  veins  is  indicated,  to  repair,  in  any  important  vein,  a 
wouiid  too  exten8ive  for  lateral  ligature.  It  is  contra-indicated  by  any 
phlebitis,  periphlebitis,  or  infection  of  wound. 

The  operative  technic  is  the  same  as  that  for  similar  repair  in  arteries 
exeept  that,  instead  of  direct  apposition  of  eut  edges,  čare  is  taken  to  secure 
slight  eversion  of  wound  margins  so  as  to  insiire  fairly  broad  intimal  approxi- 
mation.  This  can  be  done  with  more  certainty  by  mattress  suture  than  by 
overhand  stitch,  either  continuous  or  interrupted.  The  object  is,  of  course, 
to  avoid  the  possibility  of  inversion  of  the  cut  edges,  which  is  much  more 
likely  to  occur  here  than  in  arterial  suture  on  account  of  the  thinness  and 
pliability  of  the  vein  wall.  Such  an  inversion  leads  to  rapid  thrombus 
formation. 

Besnlts. — The  results  of  lateral  suture  of  veins  are  excellent. 


Venous  Anastomosis 

Venous  anastomosis,  like  arterial,  may  be  done  end-to-end,  end-to-side,  or 
side-to-side,  but  in  human  beings  the  end-to-end  is  the  only  method  that  has 
been  used  'with  any  f requency. 

End-to-End. — The  indications  and  contra-indications  are  the  same  (as  ap- 
plied  to  veins)  as  those  given  for  end-to-end  arterial  anastomosis. 

The  technic  of  a  circular  venous  suture  is  exactly  similar  to  that  of  a 
circular  suture  of  arteries,  already  described,  except  for  the  management  of 
the  cut  margins  of  the  veins;  these  should  be  8omewhat  everted  instead  of 
being  brought  edge  to  edge,  so  that  intimal  apposition  is  assured.  To  accom- 
plish  this  Jeger  recommends  the  following  procedure : 

Open  the  lumen  of  both  s^^ents  of  veins  by  grasping  the  margins  of 
each  in  three  mosquito  clamps  placcd  at  equal  intervals,  and  insert  3  tractioD 


FiQ.  57. — Vein  Anastomosis,  End-to-end;  Application  of  Tension  Sutures  to  Pbovidb  Eykr^ 

SION  OF  Cut  Edges. 


sutures,  at  equal  intervals,  as  8hown  in  diagram  (Fig.  57).  These  are  longi- 
tudinal  "U"  sutures  whose  nearer  limb  is  3  mm.,  and  whose  further  is  4r  mm., 
from  the  cut  edge.  By  first  drawing  tight  and  then  tving  these  3  sutures  the 
lips  of  the  approximated  venous  segments  are  slightlv  cuflFed  and  the  usual 
continuous  suture  along  the  three  sides  of  the  triangulated  lumen  completes 


the  anastomosis.  This  metliod  avoids  ineluding,  in  the  surface  that  is  to  be 
expo3ed  to  the  blood  stream,  an_y  part  of  ihc  intiina  that  haa  heen  handled 
by  forceps,  and  Jeger  sajs  the  results  are  abanhitel,y  faiiltless. 

Carrel,  too,  meiitions  the  neceasitj  of  everting  the  edges  of  veins  and 
Bay8  they  are  "uniteJ  not  b.v  their  surface  of  section,  but  by  their  endothelial 
surface."  Miirphv'a  or  Payr'8  mct.hod  of  invagination  inav,  of  course,  be 
vsed;  but  neither  of  them  promises  as  good  results  as  have  already  heen 
aehieved  by  the  Carrel  suturc.  The  Lespinaase  and  EisenstBedt  method  haa 
not  yet  apparently  been  tried  in  a  liunmn. 

Jeger  and  Janeway  have  both  dcviaed  apecial  instrumenta  to  facilitate  the 
approxiniation  of  venous  segnieuts  for  end-to-end  anaatomoaia, 

BESULTS. — Theoretically,  it  would  appear  that  the  dangers  of  suturing  a 
vein  were  more  formidable  and  the  chaneea  of  untoward  8eqiie!ie  greater  than 
in  the  suturea  of  arteriea.  In  tho  firat  plače  the  veins  are  apparently  more 
Busceptible  to  infeetion  than  the  arteriea.  In  the  aecond  plače  aDy  foreign 
matter,  aa  air,  tiseiie,  dirt,  bacteria,  etc,  allowed  to  enter  the  vein  at  the  anas- 
tomotic  site.  travels  toward  the  central  dangeroua  region  instead  of  going  toward 
the  coniparativelv  safe  periphery,  aa  it  does  wheii  introduced  into  an  artery. 
^nd,  la8tly,  thia  same  condition  holda  good  witli  regard  to  possible  loose  por- 
tiona  of  siich  a  dot  as  imfortiujately  fonua  in  a  certain  per  cent.  of  caaea  at  the 
•nastomotic  aite.  Thus  we  should  expect  local  infeetion,  thrombo-angitis,  pul- 
anonary  emboliam,  and  simllar  unfortunate  resulta  of  blood  vaacular  infeetion 
more  often  in  venoua  than  in  arterial  autures.  Such,  however,  is  not  apparently 
ihe  čase. 

Statistica  8how  little  difference  between  the  percentage  of  siiccessful  results 
in  eud-to-end  anastomosis  of  veius  and  of  arteries.  Glasstein,  for  exanip1e, 
reckoiis  fi^i/.  per  cent,  succesaes  for  rircular  siitiire  of  veins,  in  a  aeriea  of  53 
eolleeted  caaea  in  humana,  and  *iS  per  cent.  auceessea  for  circular  auture  of 
arteries  in  a  aiuiilar  aeriea  of  37  cotlected  caaea.  One  hatea  to  appear  critical 
of  optimism.  but  it  would  aoem  poaaible  that  he  haa  not  too  high  a  atandard 
of  Buccesa,  judging  his  dednctiona  by  thoae  of  otliers. 

Results  in  Veiss  of  Animaia — The  resulta  of  circular  BHture  of  veins 
in  Rnimala  as  quoted  by  Jeger  are  shovn  bclow  and  niay  be  noted  in  connec- 
tion  with  Glasat«in's  statistica : 

Stich  reporta  2  caaea,  1  succeasful  =  50  per  cent,  aucceasea;  Borst  and 
£tiderlen  report  14  cases,  7  succesaful  ^=  50  per  cent.  Biicccsses;  Yanianoucbi 
Tcporta  43  cases,  24  successful  =  .16  per  cent.  succesaes. 

It  ia  interesting  to  fiiid  that  certain  aulhors  claim  better  results  in  venous 
tlian  in  arterial  suture.  Schiller  and  Lobstein  claim  over  40  per  cent.  aucceaa 
witli  arterial  suture  and  60  per  cent.  with  venous  circular  suture. 

End-to-Side. — The  only  practical  application  of  an  end-to-aide  venous 
SUBatumosi."«  that  haa  been  made  in  human  surgerv  so  far  ia  the  re-implantation 
of  the  aapheiious  into  the  feniurul  vein;  and  the  teehnlc  of  the  suture  opera- 
will  be  found,  furtber  on,  aniong  proceduroa  deaigned  to  remove  the  cauae 
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of  circulatory  Jisturbances  dne  to  varicose  veins.  The  technic  of  Jeger's 
method,  however,  mav  properly  be  detailed  here. 

The  anastomosis  may  be  made  by  siiture  in  preciselv  the  same  manner  as 
described  under  arteriovenous  anastomosis,  end-to-side. 

Jeger  recommends,  as  simpler  and  giving  absolute  assnranco  of  perfect 
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Fio.  58. — Vein  Anastomo- 
sis, End-to-side.  Jeger's 
method:  3-loop  suture  in- 
serted  in  larger  vein  and 
dotted  line  8howing  inci- 
sion. 


Fio.  59. — Vein  Anastomosis,  End-to-sidk. 
Jegcr's  method:  introducing  small  vein 
into  side  of  larger. 


endothelial  apposition,   a  method   he  and  Wilhelm   Israel   devised,   nsing   a 

Payr'8  ring  and  a  special  Jeger  clamp  to  manipnlate  it  (Fig.  21)  as  follows: 

The  smaller  vein  is  sufficientlv  freed,  clamped  and  prepared  and  its  cut 

end  is  then  passed  through,  cuflFed  back  over  and  tied  npon  the  ring  by  a  fine 

silk  ligatiire.  A  three-loop  siitnre  is  then  introduced 
throngh  the  wall  of  the  larger  vein  as  ahown  in  Figure 
58  and  the  needles  are  ciit  off,  leaving  a  middle  and 
two  lateral  loops.  A  sniall  ineision  is  then  made  be- 
tween  the  limbs  of  the  middle  loop  after  isolating  this 
portion  of  the  vein  with  a  small,  special  curved  clamp 
(Fig.  6).  The  clamped  ofF  portion  of  the  vein  is  then 
washed  and  vaselined,  its  edges  held  np  by  traction 
sutures  and  the  smaller  vein  placed  within  its  aper- 
tnre  (Fig.  59).  The  middle  loop  is  then  carefully 
tightened  and  8ecurely  tied  npon  that  pa  rt  of  the  cuflF 
of  the  smaller  vein  that  contains  the  ring,  the  ligatnre 
fitting  snngly  into  its  fnrrow  (Fig.  00).  Lastlv,  the 
two  lateral  loops  aro  tied  and  the  ends  of  these  and  the  traction  sntnros  cut  short. 
Jeger  has  done  23  implantations  of  renal  vein  into  vena  cava  (on  animals) 
by  this  method  \vith  only  one  thrombus. 

Side-to-Side. — The   onlv   notable   application   of   the   lateral  venous   anas- 
tomosis in  human  surgery  so  far  is  the  Eck  fistula,  done  for  hepatic  cirrhosis 


Fio.  60. — Vein  Anastomo- 
sis, End-to-side.  Jeger'8 
method:  smaller  vein  in- 
troduced, middle  loop  tied 
on  ring  and  ends  cut  ofT. 
Lateral  sutures  bcing 
tied. 
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by  Rosenstein.  The  description  of  tho  operative  etepa  in  performing  an  Eck 
fistula  operation  comes  properiv  under  operatioiia  on  tlie  Hver,  ctc,  biit  the 
technie  of  the  aiiture  itaelf  ia  exactly 
thc  Siinie  as  that  dcscribcd  iiiidcr 
arteriovctiotis  aimstoniosis,  sidc-to- 
side,  hy  siitiire. 

Jeger  haa  deviaed  a  tliree-bladed 
ciamp,  cIo8cly  resembling  a  minia- 
ture Roosevolt  gflstro-enterostomv 
clamp  (Fig.  fll)  by  the  aid  of  which 
he  s)iy3  he  cjin  do  an  Kck  fiatiila  on  a 
dog  in  :3r>  miniites.  Ita  mode  of  appU- 
cation  is  aLown  in  Pigiire  62  and  the 
technie  of  the  auture  is  otherwiae  the 
same  as  before.  Jeger  adviaea  oval 
pieces  to  be  exciaed  from  the  vein 
valls  inatead  of  mere  slits  being 
made,  aa  the  latter  shoiv  a  tendency  to 
cluse  8pontaneously,  just  aa  in  the  caao  of  arteriovenons  anastomosia. 


CtAMP  ros  I  SOLATI  NO 

Two  Vebbbiji  wiTaoaT  Intebrcpt^ 

INO     TBE     ClBCrLATlON     IN     THE     ReHAINDBB. 

Secljon  o(  blades. 


Teansplamtation  of  Veins 

The  transplantation  of  veins,  as  regards  vascular  snrgerv,  means  the  rc 
placenient  of  a  defect  in  any  vesael  by  a  s^^ent  removed  from  some  other 
vesael,  practically  alivavs  a  vein  and  practieally  alwaya  of  the  same  individual. 


Flo.  ft2. — Vbin  ANASTOHoaia,  Side^to-hidf,:  JnoRH'^  Clahf  Sqown  Ihu 
Ca»a  and  Veha  Pobta  ivithoot  Intebruptiso  Cibcuiation   thhiiuuii 
EDd,  middle  Kiid  lateral  ttaction  aulurca  and  poatcriur  layor  of  ciitiliiiiiii 


This  is  called  autoplastie  transphmtution  as  <lifferentiated  from  homoplastic 
and  heteroplofitic,  and  has  been  moro  suceessful1y  uaed  than  any  other  variety 
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thu8  far.  So  mauv  succedsfiil  homoplastic  aud  heteroplastic  transplantations, 
howevcr,  have  been  done  ou  aiiimals  that  it  is  possible  any  day  may  see  the 
report  of  some  sucb  eases  iu  kumau  patients.  Transplantation  maj  be  used 
to  fill  a  defeet  caused  bv  exeision,  erushing,  etc,  of  part  of  a  vessel  whose 
simple  ligation  would  be  dangeroiis  to  the  life  of  the  part. 

Besides  simple  autophistie,  Guthrie  suggests  other  material  that  might  be 
used  to  rili  defeots  in  vessels: 

^1)    Similar  vessels  fnnn  another  human  being, — homoplastic; 

i^^)    Vesst»ls  fnmi  a  difforent  species,  sheep,  etc. — heteroplastic; 

^o^  Oold  storage  tissues  (not  recommended  on  account  of  possible  putre- 
faoti^-v  autolvtio  ohauge  in  them)  ; 

^4>     ForniHldehvd  tixed  tissue  (safer  than  cold  storage) ; 

^:0     l\vs«iibl\\  tissues  not  of  animal  origin  might  be  used;  tubes  of  ccl- 

U>idiu«  ^v:I»5!5s  t*ti\ : 

^t»^  V\>n  llagiMi«  (juoted  by  Jeger,  advises  calves'  arteries  fixed  in  the  fol- 
lo\viu^  uuuuior:  U>  por  cent.  formalin  solution;  water  washing;  increased 
atiH^hot  stn^ugths;  absolutc  alcohol;  xylol  till  fully  cleared;  liquid  paraffin 
\»vvr  ui^ht.  Surh  vessels  shovved  no  sign  of  absorption  after  six  months.  They 
\vm»  ouoa|>snlatt»d  in  c<mnective  tissue. 

M«thQd»*  TIh*  actual  union  consists  of  a  double  end-to-end  suture  as  de- 
mMilK^l  \imlrr  t»nd-to-end  arteriovenous  or  venous  anastomosis,  but  several 
|H»ihtM  kivv  to  1k)  mentioncd  that  do  not  come  up  for  discussion  under  those 

To  mipplv  a  defeet  in  femoral,  popliteal,  brachial,  or  axillary  artery,  a 
pUHM«  of  iiittu*nal  Huphenous  vein  may  be  excised.  This  must  be  a  little  longer 
tliMM  IIm'  dt»lVct.  to  be  bridged  and  can  be  trimmed  to  suit  with  sharp  scissors. 
Ilt^loio  lituil  sntnre  at  l)()th  ends  it  should  be  between  1/^»  inch  to  ^/4  inch  shorter 
lliMii  tlio  iirtiTiail  (lef(M*t  when  artcrv  ends  are  natura]ly  retract^d.  If  it  is  too 
.ilinil  it  Nvill  pnt  too  nnich  strain  on  the  sutiires.  If  too  long  it  will  form  a 
iinnr  in  tlio  lino  of  the  artory  when  the  blood  is  all(»wed  to  flow  through  it.  If 
miIm»i  v\\M  in  tlio  reniovod  sc^gnient  of  vein  it  shoiild  be  reversed,  in  its  new 
|iiiMilinn,  HO  tliiit  tlir  hlood  ciirrcnt  niay  not  be  obstructed  by  the  valves. 

It  ii  l»i'ttiT  to  4nsert  the  ^5  tension  suturcs  at  each  end  of  the  transplant 
liiiliiM«  hr^Miinin;^  tlie  continuons  suture  at  either  end. 

1 1  llio  \i'in  is  niucli  hirirer  than  the  artery  .leger  advises  that  the  latter  be 
I  Mt  »ilhT  I  Jnlunu-olskajaV  niothod  to  nieet  more  nearlv  the  size  of  the  vein. 
j  I' ||(  ti  r  )  (iiithric  and  Cnrrel  advise  longer  stitches  in  the  vein  than  in  the 
iMthf  \.  iill  nroiind  th(»  circuniference,  to  accommodate  its  himen  to  that  of  the 
iMitf.  'U'iJi'V  iiImo  lulvised,  in  excising  the  vein  for  a  transplant,  to  cut  partlv 
ihtoH/di  It  iind  "ppiv  H  nios<|uito  clamp  to  the  cut  edge,  cut  further  and  repeat 
llihi  otorrdMni  tNvice,  ho  as  to  idontifv  front  and  back  or  sides  of  the  transplant, 
1,^  1 1,1  J  1,1  j  rliiiii|m  at  eipial  intervals,  which  also  serve  to  spread  the  lumen 
lirf   M|f|'lM'MlM'n  of  trnsion  suturcs. 

I'nf/i'f  liitn  nniall,  nuinlM^red  clainps«  4  of  vvhich  he  attaches  in  this  manner 
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to  the  upper  and  lower  ends  of  the  transplant  whiie  esciaing  it,  and  these  a 
to  preveDt  the  transplant  becoming  twisted  od  its  loug  asia  without  the  opera- 
tor noticiug  it.     These  clamped  portiona  miist  not  eome  in  fontact  with  the  I 
blood  streain  -ivhen  both  lines  of  Buture  have  been  eompleted. 

Eoothbj-  describes  a  raethod  for  settirig  atay  ittitures  before  the  vein  ia  I 
removed  for  tranaplaiitation :  (1)  The  veia  is  freed  for  2  inchea  oi  more  and  ■] 
is  ligated  at  both  ends.  (2)  Graap  veiu 
with  suiooth  forcepa  near  upper  iiga- 
ture  and  ciit  verj  small  aperture.  (3) 
Insert  a  fluture,  from  withont  in,  near 
the  apertnre  and  make  it  eraergo 
through  this.  (4)  Repeat  ihis  procedure 
t\vice  at  upper  end  and  thrce  tirnea  at 
Iower  end  of  segment  iiiitil  3  stay  su- 
tures  ure  prepared  at  each  end,  at  equal 
distanees  apart.  (5)  Tben  divide  tho 
transplant  be.vond  these  suturea  and,  hy 
ineans  of  them,  attach  it  to  the  ends  of 
the  defective  veaael  in  ita  new  position. 

Operative  Stepa.— Tho  eteps  of  oper- 
ation  of  free  veiu  tranapiantation  to  till 
an  arterial  defect  are:  (1)  Prepare 
ends  of  reaccted  artery,  as  described  in 
ond-to-end  arterial  auaatomosia  hy  an- 
tHPe,  and  cover  them  with  liquid  albo- 
lene.  Pack  the  tisaue  wonnd  looselv 
with  wet  gauze  spongea  after  meaauring 
Icngth  of  arterial  defeet.     (2)   Expo8e 

internal  saphenous  vein  near  aaphenous  opening  by  a  liberal  incision.  laolate 
it  carefully  and  thorouphlv  from  ita  bed  for  a  BulRcient  diatance  and  measure 
o£f  on  its  freed  portion  a  length  ^2  ij"i^  greater  than  the  arterial  defect.  (3) 
Apply  distal  and  tben  proximal  temporarj  henaostaaia  bevond  this  portion  and 
ligate  and  divide  anv  intervening  trihiitariea.  (4^  Fix  and  identify  enda  of 
trnnspliiiit  by  Jeger'B,  T'ngpr'B  or  Bootlihy'8  niethod  fprevionalv  described)  and 
cscia«  the  included  segment  of  vein.  (^>)  Wash  out  ali  blood  immediately, 
cover  it  inside  and  out  with  liqnid  alboleue  and  protect  it  in  moist  warm 
gauze.  (6)  tlncover  artery,  reverae  transplant,  end-for-end  (to  obviate  obatruct- 
iug  blood  current  by  valves),  and  ]ay  it  in  the  arterial  defect.  (7)  Connect  each 
end  to  the  arterial  stump  by  three  traction  autnres.  iising  čare  not  to  twist  the 
vein  on  its  long  axis,  and  unito  by  continuous  sutnre,  as  described  in  end-to-ond 
art^riovenous  anaatoraosis  (Fig.  64).  (8)  Remove  teraporary  Lemoataais.  apply 
presBiirc  and  add  complementarj  autures  as  indicated.  (9)  Cloae  woiind  of 
esposure  for  artery  and  saphenons  veins. 

Besolti. — The  results  are  exemplified  in  the  report  of  tbeee  caaes. 


I 
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Goyanes,  in  190G,  excise(l  popliteal  aneurjsm  and  filled  defect  with  piece 
of  vein.     Successful  result. 

Delbet,  in  190G,  filled  an  8  cm.  defect  due  to  removal  of  aneurjsm  in  one 
person  by  a  transplant  of  artery  from  another  individual  whose  limb  was 
being  amputated  at  the  same  time.  The  operation  failed  as  the  transplanted 
artery  was  sclerotic  and  the  sutures  tore  through.  The  femoral  artery  had 
to  be  ligated.    Kesult :    amputation. 

Lexer,  in  1907,  transplanted  8  cm.  of  vein  into  a  defect  of  axillary  artery, 

caused  by  removal  of  aneu- 
grn^tji^  rysm.     Result:    death  from 

H^'' ''"""  delirium  tremens,  fifth  dav. 

mwjmuhwj.  ^^  £jmwjjfw/j,>  Doyen,  in  1909,  in  a  pa- 

'^^^:^^M^MM/Wmm^^  ticnt  with  edema  of  leg  fol- 

Fio.  64. — Akterial  Defect  Filled  by  Double  End-to-  .  ^  •       «• 

END  SuTURE  wiTH  Venuuh  Transplant.  popUtcal  vcin  foF  aneurysm, 

implanted  the  external  jugu- 
lar  of  a  shoep,  end-to-side  in  popliteal  vein,  above  the  obliterated  area,  and 
joined  it  end-to-end  with  the  posterior  tibial  vein  after  making  a  subcutaneous 
canal  for  it.  The  operation  resulted  in  complete  healing,  but  he  does  not  men- 
tion  vvhether  the  edema  was  relieved. 

Enderlen,  in  1909,  after  resecting  part  of  femoral  artery  for  sarcoma, 
transplanted  15  cm.  of  saphenous  vein  from  another  limb.  Kesult:  smooth 
hcaling. 

(Joeckea,  in  1912,  reported  the  excision  of  a  right  popliteal  aneurysm. 
An  8  cm.  defect  was  filled  by  a  10  cm.  transplant  from  left  saphenous  vein,  set 
with  valves  favoring  flow  of  blood.  The  operation  was  immediately  success- 
ful, PulHation  in  posterior  tibial  was  felt  strongly  at  once  and  beginning  gan- 
prrciic  of  foot  healed.  After  14  days,  however,  the  tibial  pulse  grew  weak  and 
i\ut  woim(l  broke  down  and  a  small  fistulous  tract  persisted.  The  clinical 
HfHiilt,  liowever,  was  good  and  the  patient  was  able  to  go  freely  about.  He 
(\\iu\  5  nionths  later  from  abscess  of  knee-joint  and  endarteritis  of  coronary 
arti^ries.  Tn  the  vessel,  thrombi  occluding  it  were  found  at  both  suture  lines, 
on  ttiito|)Hy. 

()mi,  in  1912,  reported  that  he  had  excised  a  right  popliteal  aneurvsm 
|i'Hvin^'  a  (l(»foct  of  about  8  cm.  This  he  filled  with  an  8  cm.  piece  of  the  left 
>t;i|ilK?nouH  v(Mn,  by  circular  suture.  He  forgot  to  reverse  the  vein  and  the 
v;ilv^*H  Ik'I<I  tlio  blood  back.  He  then  dividcd  the  vein  at  valve  level,  resected 
iU$*  valvf»H  and  did  a  circular  suture  of  the  cut  vein  ends.  Good  pulsations 
u\t\ti'i\vvA\  in  yv\\\  and  peripheral  part  of  artery,  but  were  not  felt  in  posterior 
ri[ii;il  or  dornaliH  jmmHs.  Gangrene  developed  in  foot  in  a  few  davs;  patient 
rt'.iu>'.t'i\  iiinpntaiioTi  and  died  in  a  short  time. 

A  fh-r  r-Krision  of  popliteal  aneurvsm,  in  another  čase,  leaving  a  defect  of  7.5 
t'.w  ,  Im'  fill('<l  it  with  an  8  cm.  piece  of  femoral  vein,  reversed  so  as  to  favor 
f,>i4v{M{/i7  of  blood  through  valves,  by  Carrel  circular  sutures.     Pulse  felt  after 
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i  aiifi  poBterior  tibial  artery.     Exccllpnt  rranit,  ap- 


operation  in  dorsalis 
pareiitly  permanent. 

Orni  recommenda  autoplastic  vein  transplaiitatinn  in  Imman  licings,  at 
present,  as  safest. 

BESULT8  IN  ANIMALS.^ — Veiioiis  transplantation  in  aiiiinab  ahowa  a 
bigher  perceiitage  of  Biicceaa  than  in  man.  According  to  the  reporte  of  Fisclier, 
Schmiedeu,  \Vatts,  Stii^h,  VamanoncLi,  ISorat  aiitl  Euderlen,  as  eoilocted  by 
Jeger,  we  find  in  aiitnplastic  transplaiitatinn  -iiM  pcr  cent.  and  in  homo- 
plustic  tranaplantation  28.6  per  cent.  successcs,  where  the  transplant  waH  made 
into  the  cervieal  vessela  of  doca. 


OPEBAIIONS    rOB    DEAINAOE    OF    CAVITIES,    ETO. 

The  tranaplantation  of  veins  for  purposes  other  than  that  of  repairing  de- 
fects  in  hlood  vessela  may  bero  bc  mentioned,  althougU  tbo  operative  detaila 
belong,  and  will  be  given,  under  reginnal  hcadinga. 

Ritter  hns  reported  the  iise  of  free  transplanted  veins  and  arteries,  as  cov- 
ering  for  and  connections  for  divided  tcndona  and  nervea,  with  some  succesa. 

Unger  and  Bettraann,  in  1910,  reported  the  iise  of  pieces  of  transplanted 
vein  (fresU  or  coki  atorage)  to  proas  iipon  a  defect  in  the  sinus  longitiidinalis 
witb  rcsnltant  cloaiire  of  wonnd  bv  adhesion  of  piecea  of  vein. 

Jeger  sa^a  that  Tietze  attempted  unanccessfullj  to  cure  a  gonorrheal  stric- 
ture  by  esciaing  a  6  cm,  portion  of  tbo  urcthra  and  replacing  it  by  a  9  cin. 
transplant  of  aapbenoiis  vein ;  and  that  Becker  attempted,  with  partial  succeaa, 
to  construct  a  tirethra  in  two  cases  of  severe  h\-poapadia3  by  drawing  a  piece 
of  aaphenons  vein  throiigb  a  canal  made  by  a  trocar  in  the  penis ;  while  Stet- 
tiner  constnicted  a  practicable  urethra,  in  a  čase  of  hypospadiaa,  oiit  of  a  12 
cm.  piece  of  aaphenoua  vein.  Taupaa  of  Athena,  Von  Eiaelberg  and  Miibaam 
bave  done  similar  operationa. 

Rouotte,  in  1907,  and  Caatlo,  in  1911,  have  reported  two  aucceasful  veno- 
peritoneostomv  operations.  Ilenlc  and  Bakav,  Payr,  and  alao  McClure  nsed 
pieees  of  aaphenons  vein  falso  of  artery)  to  drain  ventriclea  of  tbe  brain  and 
n  transplant  of  the  external  jngular  vein  to  drain  the  siibdnral  space. 


OPEBATIONS    TO    ALTEB    BLOOD    OB    CIBCin.ATION    FOB    8IIUDI.ATI0N    ' 
MEDIOATZON 


Intbavenous  Injection 

By  thia  ia  meant  the  injeetion  of  a  soluble  dru^  or  other  fluid  throngh  a 
bollow  needlo  directly  into  a  vein.  nsnallv  of  the  arm.  It  may  be  used  where 
the  rapid  and  direot  action  of  any  sohihle  ciirativo  agent,  as,  for  example, 
injections  of  salvarsan  in  svphilis  and  of  binnd  serum  in  anemia  and  hemo- 
philia,  aro  required.     The  preparation  of  the  solution  will  be  described  under 
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the  appropriate  therapeutic  heading,  but  the  technic  of  the  injection  is  as 
f ollows : 

(1)  The  left  arm,  preferably,  is  bared  to  the  shoulder  and  the  antecubital 
region  either  cleanscd,  as  in  general  operative  field  preparation,  or  painted  with 
tr.  iodin^  which  is  washed  off  with  alcohol  after  being  allowed  to  dry.  (2) 
A  constricting  band  of  rubber,  gauze  or  muslin  is  placed  around  the  middle 
of  the  arm  sufficientlj  tight  to  obstruct  the  venous  retum  and  dilate  the  super- 
ficial  veins.  (3)  The  vein  (median  basilic  usuallj  selected)  is  steadied  be- 
tween  thumb  and  finger  of  left  hand  and  the  needle,  which  must  be  very  sharp 
and  smooth,  held  like  a  scalpel  between  the  thumb  and  fingers  of  the  right 
hand^  is  thrust  rapidlj  and  carefully  through  the  skin  into  the  dilated  vein. 
Free  bleeding  through  the  lumen  announces  its  entrance,  whereupon  the  con- 
strictor  is  removed.  The  needle  should  enter  the  vein  very  obliquely  so  as 
to  avoid  puncturing  the  opposite  wall  and  must  be  held  steady  after  entrance 
to  avoid  seratehing  the  intinia.^  (4)  The  sbaft  of  the  needle  is  steadied  in  the 
left  hand ;  the  8yringe  is  held  vertieal,  nozzle  upward,  in  the  right  hand^  and, 
after  expelling  aH  the  air,  is  inserted  carefully  into  the  needle  and  the  injec- 
tion made  slowly  and  8teadily.  (5)  The  needle  is  then  rapidly  and  carefully 
withdrawn  and  pressure  made  with  the  fingers  on  a  gauze  pad  over  the  punc- 
ture  for  two  or  three  minutes.  A  dry  dressing  is  then  strapped  on  in  its  plače. 
(6)  Careless  or  unskillful  introduetion  of  the  needle  may  wound  the  opposite 
wall  of  vein  with  a  resultant  hematoma  and  no  free  bleeding  from  beedle.  It 
is  possible  to  wound  the  braehial  artery  which  lies  beneath  the  median  basilic, 
separated  from  it  only  by  deep  fascia.  If  these  accidents  are  avoided  and 
proper  asepsis  practiced,  there  are  no  bad  results. 


Intbavenous  Infusion 

Intravenous  infusion  is  the  direet  introduetion  through  a  cannula  into  the 
venous  system  of  a  considerable  amount  of  solution  for  the  purpose  of  increas- 
ing  the  fluid  contents  of  the  vessels  and  raising  blood  pressure. 

Solutions. — So-called  norma  1  saline  is  most  commonlv  used.  This  is  pre- 
pared  by  adding  6  to  8  parts  of  sodium  chlorid  to  100  of  filtered  water.  It  is 
sterilized  by  boiling  or  by  steam  under  pressure.  Other  solutions  that  have 
been  tried  are : 

RiNGER^s  Fluid: 

Potassium  chlorid 0.2  gm. 

Sodium  bicarb 0.2  gm. 

Sodium  chlorid  9.0  gm. 

Distilled  water  q.  s.  add  1  liter. 

^Steps  (1),  (2),  and  (3)  of  this  procedure  may  be  followed  to  obtain  specimen  of 
blood  for  Wa8sermann  test,  etc;  in  such  čase  the  eonstrictor  is  not  removed  until  the  re- 
quired  amount  of  blood  has  been  obtained. 
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Locke's  Fluid  (more  satisfactorj  in  its  effect) : 

Potassium  chlorid 0.10  to  0.20  gm. 

Sodium  bicarb 0.10  to  0.20  gm. 

Calcium  chlorid    0.20  gm. 

Glucose    1.0    gm. 

Sodium  chlorid  9.0    to  10.0    gm. 

Distilled  water,  1  liter. 

KuTTNER^s  Solution: 

Decinormal  saline  solution 1,000  c.  c. 

Oxygen  gas  (approximately) 20  c.  c. 


o 


These  solutions  are  sterilized  in  the  same  way  as  simple  saline  solution. 

TEMPERATURE  OF  FLUID. — Temperature  of  fluid  should  be  from  105 
to  120°  F.,  in  the  container,  depending  on  the  size  and  length  of  tubing 
through  which  it  has  to  flow  to  the  cannula.  Temperature  of  fluid  leaving  the 
latter  should  be  not  over  105°  F. 

PRES8URE  OF  FLUID. — Keservoir  of  fluid  should  be  only  about  12  inches 
(30  cm.)  above  vein.  Greater  height  gives  unnecessary  and  even  injurious 
pre^sure. 

TIME  OF  INFU8I0N. — Infusion  should  not  be  given  faster  than  1,000  c.  c. 
in  10  to  20  minutes. 

AMOUNT  OF  FLUID. — In  adults  500  to  1,000  c.  e.  may  be  used  or  more  ac- 
cording  to  patient^s  reaction  as  expressed  in  rise  of  blood  pressure. 

Much  larger  amounts  of  saline  than  of  blood  are  tolerated.  More  can  be 
given  with  benefit  in  treatment  of  hemorrhage  than  in  treatment  of  shock, 
and  Locke^s  solution  is  perhaps  preferable  for  patients  in  an  exhau8ted  condi- 
tion.  Adrenalin  1 : 1,000  may  be  added  to  the  solution  in  amounts  of  10  to 
20  minims  or  may  be  injected  by  a  hypodermic  syringe  (after  Crile)  into  the 
rubber  tube  near  the  cannula  at  the  rate  of  10  or  15  minims  in  one  minute. 

Infusion  has  been  used  for  acute  anemia  resulting  from  operative  or  post- 
operative,  traumatic,  pulmonary,  gastric,  intestinal,  uterine,  etc,  hemorrhage; 
in  great  loss  of  body  fluid,  as  in  Asiatic  cholera ;  for  flushing  the  vascular  sys- 
tem,  in  acute  poisoning,  auto-intoxication,  such  as  typhoid,  diabetic  coma, 
puerperal  fever,  eclampsia  gravidarum,  bubonic  plague,  uremia,  and  blood 
poisoning,  following  venesection;  for  resuscitation  in  suspended  animation 
(Locke'8  solution  injected  into  carotid  artery  with  reversal  of  current)  ;  in 
chronic  postoperative  anemia  and  for  artificial  nutrition  (Locke's  and  Len- 
nander^s  glucose  saline  solution ;  or  sterile  isotonic  sea-water,  plasma  de  Quin- 
ton). 

Binnie  8ay8  (1912)  :  "The  principal  indications  for  intravenous  infusion 
of  salt  solution  are  shock  and  hemorrhage.  IIypodermoclysis  and  proctoclysis 
have  largely  taken  the  plače  of  intravenous  infusion." 

Certainly  saline  infusions  are  less  commonly  used,  and  hypodermocly- 
sis  and  proctocly8i8  are  more  often  employed  than  they  were  several  years 
ago. 
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Infusioii  ia  coiitra-iiidicated,  according  to  Matas,  "in  ali  caaea  wliere  there 
is  alreadv  a  dilatiition  witli  distcntion  of  the  heart  and  conseqiicntly  general 
venoiis  stasis."  1'lie  otiiiditioii  is  evidenced  by  cyanosiB  of  face  and  eitremities 
and  overfiiling  of  tlic  Buperfioial  veins. 

Iiistniineiita,  ctc,  ro<]iiire<;l  are  forceps,  Bcalpel,  ligatiire  earrier,  ligatures, 
canniila,  tiibing  niid  reservoir,  salt  Boliition,  skin  aiiturc,  dressings. 

Method.— (i)  Kclcvt  tlio  ami  least  iiBcd  by  tlio  patient  and  aiirround  it  by 
a  constrictor  nii(lway  bctween  elbow  and  shoulder,  Bufficiently  tight  to  dilate 
superficial  vciiis.  Prcpnro  the  skin  of  tlio  autccubital  region  by  waBliing  or  by 
applving  tr,  ioilin.  (2)  Select  the  most  prominent  vein,  naually  median  basilic 
or  cpphjilic:  anoKlliotizc  locally  with  0.r>  per  cent.  norocain  and  adrenalin,  and 
inciso  skin  and  fascia  over  it  ]ongitudinaIly  or 
obliqncly  for  abont  1  inch.  £xpose  and  isolate 
tlio  vein  by  aharp  diaaection  and  free  it  suffi' 
ciently  to  pasa  a  doiiblo  catgiit  ligature  around  it 
in  an  aneiirvam  necdle.  (3)  Tie  the  distal  liga- 
tnro  permanently ;  aet  a  loose  friction  knot  in  the 
proxiinal  ligature.  Ciit  a  triangular  flap  in  the 
auperficial  aurface  of  the  vein,  between  ligatures, 
with  its  apex  pointing  diatallv.  Occlude  the 
opening  hy  finger  pressnre  of  left  band.  (4) 
Grasp  the  canmila  in  the  rigbt  hand ;  hold  it  ver- 
tical  and  a1low  flnid  to  £ow  till  ali  air  is  got  rid 
of.  Then  grasp  the  tip  of  vein  flap  with  forcepa 
in  the  left  hand  and  introdnce  the  cannula  into 
the  lumen  whilc  aoliition  is  flowing  (Fig.  65). 
Fio.  05.  —  iNTHAVKNci-H  Infl'-  /rj^  Tightcn  the  friction  knot  upon  the  cannula 
INTO  Ve:n  at  Elbow.  and  plače  a  finger  on  the  vein,  prosimal  to  it,  to 

regiilatc  rate  of  flow.  Let  it  be  verv  8low  at  first, 
incrcasing  gradnallv  to  tho  rate  of  1,000  c.  c.  in  20  minutea.  AIlow  tbe  fluid 
to  flow  iintil  observntiona  of  the  pulse,  taken  every  minute  or  two,  Bhow  a  retum 
toward  noniial  tonMinii,  Tn  nioat  casps  leaa  than  2,000  c.  c.  are  enoiigh  to  accom- 
pliab  tliia  if  it  ean  bc  done  at  nI!.  (6)  TJemove  the  eannnla,  soliition  atill  flow- 
ing:  tightcn  tlio  friction  knot  in  proximal  ligatnre  and  reinforee  it  Close  the 
akin  \voiiiid  by  sterile  udlicsive  or  silk  suturc,  apply  gauze  dressing  and 
bandagc. 

Tlio  operatioii  ia  a  vcrv  aiinplc  ono,  excopt  in  fat  pcople  with  small  veins 
or  wbcn  tlic  Hiipcrficial  vcina  are  empty  on  acconnt  of  low  blood  preesuro.  In 
sneli  cases  it  nuiv  bo  diflicult  to  find  a  vein  and  the  brnchial  artery  baa  occa- 
aionnllv  bron  opcncd  in  the  aearch  for  the  median  basilic  vein. 

Too  nipid  introduction  of  aaline  may  ovcrwhelm  an  a]ready  weakened 
beart  and  do  more  Iiann  than  good,  Too  large  an  infnsion  may  result  in 
tranaiidation  into  .aoroiis  cavities. 

Any  snperficial  vein  mav  be  used  instead  of  the  antecubital. 
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Slowly  and  carefully  given  infusions  are  undoubtcdly  of  valuc  in  cases  of 
hemorrhage  and  shock,  and  bad  results,  such  as  evcry  surgeon  occaslonally  sees, 
are  generally  dne  to  haste  and  carelessness.  But,  except  in  urgent  cases,  the 
results  in  raising  blood  pressiire  and  replacing  lost  body  fluids  are  no  better 
than  those  from  bypodermoclysis  and  proctoclysis,  very  much  simpler  and 
easier  procedures. 

Blood  Tbansfusion 

Blood  transfusion  is  the  transference  of  blood  from  the  circulation  of  one 
individual  to  that  of  another.  It  may  be  accomplished  by  joining  the  vessels 
by  suture  or  tube  (direct  transfusion)  or  by  withdrawing  blood  from  one  indi- 
vidual into  a  8yringe  or  vessel  and  then  injecting  it  into  the  other  individual 
(indirect  transfusion).  In  the  reccnt  past  the  direct  method  has  bcen  more 
used,  but  the  indirect  method  is  gaining  ground  at  prosont  on  account  of  its  ease, 
8implicity,  and  the  ability  to  measure  the  amoimt  of  blood  transfused. 

In  1909  Crile  wrote:  "The  qucstion  as  to  vvliat  pathologic  condition  may 
be  suitably  treated  by  transfusion  of  blood  from  one  human  being  to  another 
has  not  been  definitely  settled.  The  most  that  can  be  said  at  present  is  that  it 
is  clearly  indicated  in  certain  conditions  and  as  clearly  contra-indicated  in 
certain  others.  With  our  present  knowledge  the  author  feels  that  it  should 
be  used  only  when  ali  other  resources  at  command  have  failed." 

Since  that  tirne  transfusion  has  been  found  serviceable  in  cases  of  acute 
anemia  from  hemorrhage  of  traumatic,  operativc,  or  other  origin,  such  as 
gastric  or  typhoid  ulcers,  ruptured  extra-uterine  pregnancies,  etc.  It  has  bcen 
used  with  some  suecess  to  raise  the  blood  resistance  of  anemic  paticnts  as  a 
preliminary  to  operation. 

It  has  been  used  a  number  of  times  iu  pernicious  anemia  without  perma- 
nent  benefit  in  most  cases.  In  melena  neonatorum  it  has  provod  most  valuable 
and  its  use  in  hemophilia  in  general  has  been  satisfactory.  In  illuminating 
gas  and  carbon  monoxid  poisoning,  and  others  where  methemoglobin  is  formed, 
Crile  has  resuscitated  a  number  of  cases  by  transfusion.  Cole  recommends  it 
in  pellagra.  Surgical  shock  has  been  treated  satisfactori]y  by  transfusion. 
Certain  toxemias  (as  of  pregnancy)  seem  to  be  amcnable  to  it. 

Infectious  diseases,  such  as  scarlet  fever,  and  scpticemias,  such  as  staphy- 
lococcus,  have  been  treated,  and  perhaps  improved. 

\Valter  has  tried  infusing  pernicious  anemias  with  blood  of  polycythemics. 
Delbet  has  suggested  infusing  typhoid  patients  vvnth  blood  of  those  who  have 
had,  and  survived,  an  attack  and  show  a  strong  immunity.  Lilienthal  says: 
"Tn  transfusion  in  typhoid  the  donor  should  ahvavs  be  one  with  aoquirod  im- 
miinitv,  to  avoid  replacing  the,  at  least  partiallv,  iinmune  blood  of  rccipiont  by 
non-iramunized  blood."  (Personal  communieation.)  Bevan  savs  thero  is 
evidence  of  its  value  in  sarcoma.  Jeger  rocommends  it  also  in  jaundiced 
people,  before  serious  operation,  to  prevent  bleeding. 
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K.  II.  P(K)1,  in  a  jKjrsonal  coiniiiunicjatioii  in  regard  to  the  use  of  transfusion 
in  jami(li(?(Ml  jiatientn,  savs:  **Tlie  čase  to  which  I  referred  wa8  a  woman 
ahoiit  '(5.  Slio  had  extreiiie  jaiiiulice  as  a  resiilt  of  a  stoue  in  the  com- 
nion  <hict.  SIk^  r(M'eivO(l  calciuiii  laetate  for  some  davs  before  operation, 
l)tit  w<»  <li(l  not  ^iv(?  lu;r  serum  becaiise  slie  had  received  eonsiderable  serum  a 
frw  months  before  for  a  verv  severe  strepto<;occus  septieemia,  and  I  was  afraid 
of  ann|)hyhixirt.  About  4S  hoiirs  after  the  operation  for  stone  in  the  common 
iluct  »he  hepm  to  ooze  extensively  uiitil  she  was  practicallv  moribimd.  Her 
congnhiiion  tirne  \va8  15  minutes.  A  transfusion^  using  her  sister  as  donor, 
\vuH  niadit  with  marked  improvement,  but  after  three  davs  the  oozing  recurred 
nnd  the  patient  again  got  into  extremely  had  condition,  so  that  a  transfusion 
\vuH  again  performed  and  t  ho  coagulation  tirne  dropped  from  15  to  6  minutes; 
th<»  oo/ing  stopped  and  the  patient  made  an  uneventful  recoverj  from  that 
tinie. 

*M  \\\n  inelined  to  think  that  this  is  the  first  čase  in  which  transfusion  has 
hiMMi  ptM't\»rined  i\>r  postojK^rative  oi^zing  in  jaundiced  patients.  The  drop  in 
the  eoaguhition  t  ime  fn^m  ir»  minutes  to  G  was  striking. 

**Siihs«Hiuently,  a  patient,  un  ohl  man  witli  a  stone  in  the  common  duct,  was 
inarkedlv  jaundieed  and  I  did  a  preliminarv  transfusion  and  operated  im- 
mediatelv  after\vard.     lle  had  no  jK^stoperative  otizing." 

•legtT  savs  it  is  ahsohitelv  n^utra-indieateil  in  the  presenee  of  organic  heart 
tHst»ase,  Uvanse  the  heart  is  not  tHpial  to  anv  suddenlv  increased  work,  and 
I>orraiuv  and  (linslvri:  s;iy  that  it  is  itmtra-indicated  in  any  čase  where 
hemtdvsis  is  taking  phuv.  as  in  purpuni  hemophilia. 

1'\m*  dii^H^t  transfusion  triMu  artorv  to  vein  the  radial  artery  of  donor  and 
one  t^f  the  sn|vr!*A*ial  veins  at  the  olbow  of  the  recipient  are  generallv  ein- 
ploNtsL  Oivasi*Mia!!y  the  ir.tenial  sciphenous,  or  some  other  superficial  vein, 
\\u\\  ha\e  to  Iv  e!up\\viv.  or.  a^vr.r.t  ot  infeotion,  etc,  at  elbow.  Either  left 
or  ri>iht  side  maN  Iv  v'::^>M^r.  av\vrii:!ig  a<  donor  is  right  or  left-handed. 

The  instrun\ev.!s  rt\:v.ir\\i  :or  ar.v  diroei  transfusion  are  the  usual  dissect- 
in>;  o\»ttit  of  sv\r*jv\  vi^.ss^vriv.i:  torvvps*  soisck^rs.  arterv  forceps,  serrefines, 
eat^\it»  and  >r.\  *ip-Tv.r\^<  .iv.  I  sv.Tv.roš.  Speoial  appliances,  such  as  Crile's 
e:iun\»l;i.  rv!v\xer\  trKs.  o:.* .  ^^T.'  :v  dosoriboi  in  ciinneotion  with  the  descrip- 
\u\\\  \^\  {\w\v  v.-.etV.vl  ,v  :  *.>^\ 

\\l\;;*e\ev  v. o*:*  v*.  /:'  :r.-.:-.s:">:  r.  :s  omplovcil,  ho\vever,  therc  are  ccrtain 
,^^Mouon  ,:*  ^;  "^  T  ,:'  >V  v/  •.  'v  '.^rvo*:  proliminarv  to  and  during  the  opera- 
{\s\y\       ri.oM*  \\o  v  .'\  ••  '\\   .vvs-.icr  "".iv^r  tho  term 

OfuriAl  MAv.i^jt^r.eri:  cf  TMLZsf^isicA. — In  e^-erv  ca^  \vhere  tirne  is  allowed 
i\ud  i.u'.!..AH  .vv  .  •:  *.•••  ,:  -<v-/.'  :'».:  prossure  determinations  should  be 
i{\k%M\  ,iv,x\  N*^\v'  ■  v  '>».^  -/:.*  ;'s*::v.i:::v.>  nude.  A  completc  red  blood  cel! 
,sMuo  ;;',u^,  \x'  »^  V  >•»  ,v'  .^  '.  •  J.:..:  r rrjs."^;ol'in  estimation  should  be  secured 
«%u  Ism!;  .-,•»'*  :•  •  -'A  v  ,'  ■  ..v^-v  :rir.<f*:<:oa  is  begun:  the  last  to  8en*e  as  a 
b:»  M  »  \»M  xn-:-a:*  X..  •■  v^  "'  >  :'•  ;  \j.v.'.ir-i:ior-*  after  the  operation  is  over  and 
,ln»»uv  \1.,^  ;  ,,  •  ,  .v.  -..nv-iT  Are  lo  »irte  as  staadards  for  compari- 
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8on  with  sirailar  observations  inade  during  the  progress  of  transfusion,  obser- 
vations  upou  which,  in  part,  the  operator  bases  his  judgment  as  to  the  proper 
duration  (or  amoimt  of  blood  transfused)  for  the  transfusion  flow. 

Hemolvsis  and  agglutination  tests  of  donor^s  and  recipient^s  blood  should 
also  be  made,  if  possible;  biit  the  neeessarj  omission  of  any  of  these  prelimi- 
naries  and  precautions  does  not  contra-indicate  the  operation  by  anv  means. 
(Bernheim.)     Lilienthal  thinks  hemoljsis  and  agglutination  tests  imperative. 

A  careful  examination  of  the  donor  should  be  made  to  discover  any  signs 
of  disease  that  might  make  the  use  of  his  blood  dangerous  for  the  recipient. 
This  examination  ought,  if  possible,  to  include  serum  reactions  for  sjphilis 
and  gonorrhea,  unless  the  donor  is  known  to  be  free  from  any  suspicion  of 
venereal  disease. 

Each  patient  should  be  given  %  to  ^/4  grain  of  morphin  (unless  contra- 
indicated)  30  minutes  before  operation,  and  should  be  reassured  as  to  pain, 
dangcr,  etc. 

During  the  transfusion  Bernheim  recommends  controlling  the  inflow  of 
blood  by  finger  pressure  on  the  vein  throughout  the  whole  operation,  and,  if 
assistants  are  at  hand,  taking  observations  of  pulse  rate  and  blood  pressure  of 
recipient  everv  3  minutes;  of  donor,  every  5  minutes.  His  routine  is  "to  at- 
tempt  to  bring  a  pulse  of  say  150  or  160  down  to  about  100  and  to  raise  a 
blood  pressure  of  50  or  70  up  to  110  or  120,  figures  well  within  the  zone  of 
8afety."  But  he  wams  against  the  danger  of  raising  too  much  the  blood  pres- 
sure of  a  patient  sulfering  from  the  results  of  internal  hemorrhage,  as  from 
tjphoid  uleers.  He  adds  that  it  is  most  diffieult  to  judge  at  ali  exactly  of  the 
amount  of  blood  transfused,  but  that  the  pulse  and  blood  pressure  observa- 
tions, the  knowledge  gained  by  the  fingers  and  thunib  guarding  the  entrance  to 
the  vein,  the  general  appearaneo  of  the  recipient,  and  the  actual  time  the  blood 
bas  been  flowing,  ali  serve  as  guides  to  the  proper  time  to  end  the  transfusion. 
He  estimates  the  duration  of  actual  flow  to  average  in  most  transfusions  20  to 
40  minutes;  the  range  bcing  3  to  5  minutes  to  1  hour  or  I14  hours,  according 
to  the  size  of  the  recipient.  Ho  say8  donor's  indications  for  cnding  trans- 
fusion are  a  "sudden  fall  of  20  to  30  points  in  blood  pressure,  or,  lacking  ap- 
paratus  for  blood  pressure  determination,  suddcn  pallor,  accompanied  by 
naiisea  and  vomiting,  contiiiued  and  increasing  thirat,  groat  restlesaness,  to- 
getlier  with  a  decrease  in  blood  pressure  as  shown  by  the  tinger  of  the  operator, 
in  the  <lonor'8  radial." 

Bevan  recommends  having  such  operating-tables  that  the  Trendelenburg 
position  may  be  used  for  the  donor  and  the  reverse  Trendelenburg  for  the 
recipient  in  order  to  better  manage  a  possible  anemia  of  the  donor  or  a  cardiac 
dilatation  of  the  recipient. 

Jeger,  too,  insists  upon  the  gradual  beginning  of  the  transfusion  flo\v  and 
wam8  one  to  stop  if  any  sign  of  cardiac  dilatation  appears  in  the  recipient, 
and  wait  10  minutes  before  continuing  the  flow.  Especially  in  little  children, 
he  «ay8,  are  symptonis  of  cardiac  weakness  careful ly  to  be  watched  for. 
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Lilienthal,  who  has  had  a  wide  experience  in  transfusion  operations,  does 
not  think  it  necessary  to  slow  tho  flow  with  the  fingers  as  Bernheim  does.  He 
watclics  tlio  recipient  carefully  for  signs  of  dilated  heart,  and  ušes,  as  signs 
for  stoppiii«!^  transfusion,  dvspnea,  cvanosis,  rapid  irregiilar  piilse  of  recipient, 
and  faintness  of  donor.  Ile  prefers  the  hemoglobin  estimations  as  an  indi- 
cation  of  h()w  mneh  blood  to  transfuse,  and  has  estimations  taken  every  3  to  5 
minutes  on  recipient  during  the  flow,  and  endeavors  to  raise  the  percentage  to 
somewhere  ncar  donble  its  original  point.  Ile  does  not  think  it  safe  to  more 
than  donble  it,  and  he  has  doubled  it  in  19  minutes  in  one  čase  (personal  com- 
munication). 

In  speaking  of  the  donor,  Crile  sajs :  "The  best  way  of  dotermining  when 
to  stop  the  flow  is  by  watching  his  (donor^s)  symptoms.  At  first  he  will  8how 
loss  of  eolor  in  his  mucous  membrane,  pallor  of  the  skin,  slight  uneasiness, 
slight  quickening  of  pulse  and  respiration,  lowering  of  blood  tension,  and  be- 
ginning  shrinkage  in  the  skin  of  the  face.  Ali  of  the  symptoms  are  progres- 
sive,  and  as  soon  as  they  are  well  marked  the  flow  shonld  be  stopped.  Often 
the  condition  of  the  recipient  will  necessitate  this  long  before  the  donor  shows 
any  syniptoms  at  ali."  Conceming  the  recipient,  Crile  savs  that  too  rapid  a 
flow  may  be  prevented  by  partially  narrowing  the  lumen  of  the  arterv  by 
gentle  finger  pressnre,  shutting  off  the  ilow  altogether,  if  necessary,  for  short 
intervals,  to  give  the  heart  a  chance  to  assume  the  added  burden  gradually. 
Crile  mentions  the  possibility  of  infecting  the  donor  in  transfusions  performed 
for  infectious  diseases,  as  tvphoid,  and  advises  selecting  inmfiune  donors.  He 
thinks  there  is  little  risk  in  cases  of  chronic  infection  like  tuberculosis,  or  from 
an  old  septicemia  or  mixed  infection.  So  far  as  the  recipient  is  coneerned, 
Crile  says  the  chief  danger  is  cardiac  dilatation.  Fortnnately  a  certain  amount 
of  dilatation  mav  occnr  and  pass  rapidly  away,  as  shown  by  his  series  of  cases. 

Ho  mentions  that  preliminary  bleeding  may  be  advisable  in  certain  cases. 
Not  in  shock  or  acnte  hemorrhage,  of  course,  and  rarely  in  subacute  hemor- 
rhage;  bnt  in  ali  other  cases  either  preliminary  bleeding  is  required  or  less 
blood  must  be  transfnsed ;  for  blood  is  retained  in  the  vascnlar  system  where 
saline  infusion,  for  example,  passes  rapidly  out  of  it.  Bleeding  and  trans- 
fusion may  be  practiced  synchronously  in  feeble  patients  with  marked  reduc- 
tion  of  red  corpuscles. 

Crile  says :  ^^ When  acute  dilatation  has  once  occurred  it  must  be  promptlv 
rccognized.  Transfusion  must  be  stopped,  table  tilted  to  put  paticnt  in  head 
up  position,  and  rhvthmic  pressnre  made  over  heart."  If  recovery  is  not 
complete  in  a  short  time  the  transfusion  should  be  given  up,  patient  put  to 
bed  in  *'head  up"  posture,  given  carefully  graded  doses  of  nitroglycerin  to 
insure  peripheral  dilatation  of  vessels,  and  digitalin  hypodermically  in  veir 
small  doses  to  stimulate  heart  muscles  directly.  Small  doses  of  morphin  aiso 
are  advised. 

Crile  gives  no  verv  definite  rule  as  to  how  much  blood  should  be  given  the 
recipient.    "Enough  blood  must  be  transfused  to  accomplish  as  much  good  as 


possible,  and  vet  too  mucIi  iniist  not  be  given.     Soinetiines  iu  cases  where  tho  ■ 
patienl  docs  not  aiiffer  from  tlio  loss  of  a  large  amouiit  of  blood  it  seenis  to  b 
as  advantiigeoiia  to  triinsfiisc  a  amall  aa  a  large  amoiint.     Tho  sjmptoins  of  tlie 
rccipient  jrivD  the  bcst  kev  Ut  tlie  sitiiation." 

AMOUNT  OF  BLOOD  TO  BE  TSANSFU8ED. — In  children  a  Sinall  amount 
oniv  is  ueeded  in  most  cases.  Coolev  and  Vaughan  report  a  rccovery  from 
melena  neonatorum  after  tlie  tranafiisioii  of  only  20  e.  c.  of  blood.  On  the 
other  haud,  Peck  has  transfused  an  amoiint  of  blood,  in  the  caso  of  an  adult, 
estimated  at  2,000  c.  c.  In  general  it  woiild  appear  that  1,000  e.  c.  is  enough 
for  most  adnits,  and  children  retjiiire  eorreapondinglj  lesa. 

The  amoimt  of  blitod  paaacd  mav  be  nieasnred: 

(a)  By  hleeding  donor'9  vesael  into  a  test-tube  for  30  secoiida  and  multiply- 
ing  the  rcsulting  amount  by  tvvice  the  number  of  minutes  the  transfusion  flow 
lasts  (direct  method).  Tbis  is  inaeciirate  on  account  of  variation  in  pulaB 
rate  and  blood  presaure  and  liimen  of  vesacls. 

(b)  By  reoeiving  blood  into  a  receptacle  (svringe,  pipette)  which  accuratelj 
mcaaures  it  (indircct  method). 

Methoda  of  Direct  Transfusion., — ABTEEY-TO-TEINMETHOD.-^Crile'8  Can- 
KrL-\. — Crile'8  cammla  is  one  of  the  earlier  and  l>etter  knovvn  instrumenta  for 
faeilitating  transfusion.  It  is  on  the  prinoiple  of  Payr'3  ring,  but  funiiabed 
with  a  handle,  whidi  niay  be  grasped  by  a  bcmostat  (Fig,  (!R).  llis  deacrip- 
tion  of  the  technic  followa : 


i  rndiiil  artpry  of  ihc  donnr  nnd  atij 


"Esperiejico  hns  8)iown  that  it  ia  bost  t 
Buperficiul  urni  VPin  of  the  recipient  near  the  elbin 
is  tW  beet  on  aeeoiint  of  ita  aize  and  rasilj  at-- 
(ressible  positioii.  l^oal  snvatheaiu  is  obtiiincil 
by  inJM.'tiiig  «ieain  in  1/10  of  1  prr  cent.  solu- 
tion  with  a  few  dropa  of  ]  to  1.000  aUrecialin." 
Se»oraI  Iiyi)odtnni(;  sjrinRea  ahould  be  read.v,  so 
tltat  there  should  be  no  de!ny  on  opraunt  of  bav- 
iriK  to  stop  nnd  refill  a  ainKle  one.  The  injec- 
tions  are  first  ninde  into  tbe  aliin  nnd  tben  more 
d<.-ep)y  aroimd  the  veasela.  After  thia.  firm  pres- 
auro  ia  apphcd  i'y  tbe  hand  over  a  Rauee  Bponge 
to  insure  sprcading  the  eoenin  through  the  tis- 
Bues.     WTicM  carefullj  performed,  there  is  nlitio- 

luioljr  no  pain  in  any  pnrt  of  the  teehnique  until  the  auturea  are  plm-cd  in  the  akin  at 
ibv  md  of  the  IranBfuBion.    By  then  the  effeet  of  tbe  cocain  hns  iisuiillj  worn  away. 

*1n  making  the  diasection,  it  ia  necessary  to  have  good  light.  Mosguito  hemostata 
are  used  to  eateh  every  veasel  that  sheds  even  o  drop  of  blood.  The  fiold  ahould  be 
kept  «h»ohitely  elean.  The  donor'a  radial  artery  is  ianlated  for  a  diatnnee  of  ahout 
3  i-m.  ut  tbe  point  of  injection  in  tbe  wrist.  Here  there  are  a  uiimber  of  aide  branchea 
whii-h  roiist  be  corefully  isolated  nnd  tied  with  No.  1  Chineae  twiat  silk  (which  haa 
not  been  aplit  up  into  atrande)  before  beinfr  mat.  The  aTtery  ia  then  tied  nt  ita  distal 
end  and  a  'Crile'  elamp  is  gentlj  acrewed  in  plače  over  the  proxinial  part  as  near 
'Other  operstors,  Beraheim  and  Lilienthal,  -nam  ugainat  the  uae  of  arlreimlin  ehlorid 
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to  the  plače  where  it  comcs  out  of  the  iindissected  tissue  as  convenient.    The  clamp 
should  be  8crewed  up  with  great  čare. 

''Just  enough  pressurc  should  be  used  to  control  the  flow  of  blood  without  eausing 
iniury  to  the  vessel  wall.  The  artery  is  severed  with  sharp  scissors  a  short  distance 
from  where  it  is  tied  off,  the  end  cut  squarely  across,  the  adventitia  pulled  down  and 
cut  ofP.  The  result  should  be  that  the  operator  has  about  two  and  a  half  cm.  exposed 
radial  artery  free  from  branches.  The  next  step  is  the  dissection  of  the  vein.  It  is 
exposed  for  the  same  distancc  as  the  artery,  the  branches  tied  off  in  the  same  way, 
and  the  ligature  is  also  applied  to  the  distal  end.    The  second  'Grile^  clamp  is  applied 


■liiHHRinmm 


Fio.  67. — Crile'8  Method  of  Anastomobis  por  Transfubion  with  CAmnnJU 


just  as  before,  the  vein  cut  near  the  ligature  and  it,  in  tum,  is  ready  for  the  comple- 
tion  of  the  anastomosis.  After  selection  of  a  caiinula  of  suitable  size  (as  large  a 
size  should  be  used  as  possible  without  injuring  the  intima  of  the  artery  by  stretch- 
ing  it  too  much),  the  end  of  the  vein  is  eithcr  pushed  through  the  handle  end  of  the 
eannula  with  the  help  of  fine-pointed  forceps,  or  pulled  through  by  means  of  a  single 
fine  suture  inserted  in  its  edge,  the  needlc  being  left  on  the  suture  and  passed  through 
the  eannula  ahead  of  the  vein.  The  handle  of  the  eannula  is  then  tightly  seized  by 
a  pair  of  hemostats,  three  mosquito  forceps  are  snapped  at  equidistant  points  on  the 
end  of  the  vein,  taking  čare  not  to  have  the  tips  extend  up  into  the  lumen  more  than 
is  necessary  to  gct  a  firm  hold.  The  end  of  the  vein  is  then  cuffed  back  over  the 
eannula  l)y  gentle  traction  on  the  hemostat  and  tied  firmly  in  plače  with  a  fine  linen 
thread  in  the  groove  nearest  the  handh?.  The  cuffed  part  is  then  covered  with  sterile 
vuseline,  being  can^ful  not  to  get  any  in  the  open  end.  The  three  hemostats  are  then 
applied  to  the  edges  of  the  artory,  just  as  with  the  vein;  (it  may  be  necessaij  to 
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■lilato  the  end  veiy  gent]y  by  inserting  the  cloaed  jaw9  of  a  ini:«quito  hemostat  oov- 
er«?d  wit)i  vaseline  and  opening  them  very  gentlj  for  a  short  diatance)  and  tlie  artery 
is  i;etilly  dravii  over  the  cufFed  vein  on  tbe  cannuln  atid  tied  in  plače  with  anotlier 
fine  lincti  suture  in  the  remitining  grroove.  AH  the  hemostate  are  removed.  The 
venoua  and  then  the  arterial  elamps  are  remoTed  and  the  blood  allowed  to  flow.  The 
esposed  vesacls  should  be  kept  moist  with  wBnn  saline."     (Fig.  67.) 


Elsberg'a  objectiona  to  Crile'8  cannula  are: 

"Some  experieiice  is  required  before  the  Crile  instrument  ( 


i  bandled 


with  e 


"The  caliber  of  the  euffed  vessel  is  decreased  by  the  cannula. 

'"SoinetimeB  there  is  difficu!ty  in  teleseoping  the  arterv  ovei-  the  vein. 

'"The  stepa  of  the  operation  with  Crile'a  eannula  are  niiincroiia  and  the  ap- 
plication  of  the  guide  suture  and  t.ving  of  ligatures  coniplicatea  tlie  operation." 

Witb  the  esception  perhapa  of  the  last,  these  objectiona  appl.v  also  to 
Biierger's,  Eernbeini'8,  and  fIepburn'B  moclification  of  Crile'«  instrument. 

ELsBKRo'a  Casnul.^, — ElBberg's  cannula  aeems,  by  general  consent,  to  be 
the  most  satisfactor^  instrument  vet  deviaed  for  the  direct  method  of  trans- 
fusion.     Hiš  own  description  of  it  and  of  the  technic  of  transfnaion  folIow8: 

"The  cannula  is  built  on  the  principle  of  a  monkey  wrench.  and  can  be  enlarged 
or  narrowed  to  any  eize  desired  by  means  of  a  Bcrew  at  its  end.  (Fig.  68.)  The 
smnllegt  lumen  obtainahle  Je  about  equal  to  that  of  the  smaDeet  Crile  cannula,  and  the 
Inrgeat,  greater  tban  the  lumen  of  any  radial  aTtery.  The  instrument  is  cone-shaped 
at  i  ta  tip,  a  short  distance 
from  which  is  a  ridge  with 
four  small  pin  points,  which 
are  directed  bBckward.  The 
himen  of  the  cannula  at  its 
base  is  larger  than  nt  the  tip,  I 
The  constmotion  of  the  caii- 
niila  can  easily  he  under^tond 
from  the  folIuwing  descrip- 
tion of  the  method  of  using  it. 
The  radial  artery  of  the  do  nor 
is  c^posed  and  ieolated  in  tbe 
iisual  manner.  The  cannula,  Bcrewed  wide  open,  ia  then  slipped  under  and  around  tbe 
Tessel.  It  is  then  scrcwed  ahut  until  the  two  halves  of  ihe  instrument  9ligbt!y  com- 
prms  the  vesacl. 

•"The  nrtery  is  then  tied  off  about  one  centimeter  from  the  tip  of  the  cannula. 
B*fore  tbe  vcasel  is  divided.  three  small  eye  tenaciilu  are  passed  througb  the  waU  of 
the  «rtery  at  thrpe  pointa  of  its  circumferencc,  e  few  milliraeters  from  the  ligature. 
Small  mo8<iuito  forceps  moy  alao  be  uaed.  These  are  given  to  an  Bssistant,  wbo  makes 
traction  on  them  while  the  opt-rutor  cuts  the  vessel  near  the  ligature.  The  moment 
the  arterj  la  cut,  the  atump  ia  pulled  back  over  the  cannula  bj  mcuns  of  the  tenacida 
or  forceps,  and  ia  beld  in  plače  without  ligation  by  the  amall  pin  poinls.  There  is 
no  bleediiiR  from  the  artery  even  thotif^h  no  hemostat  elumps  have  been  used,  be- 
cnuae  the  cannula  itself  aota  aa  a  hemostatie  clauip.  The  vein  of  the  recipient  is  then 
cxpo8<'d  (but  not  freed).  two  ligatures  are  paased  around  it;  one  is  tied  peripheriilly 
in  the  usual  manner.    A  small  tranaverae  alit  is  then  made  in  the  vein;  the  cannula 

ai 
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with  the  cuffed  artery  inserted  into  the  vein;  a  ligature  tied  around  the  vein  and 
cannula;  the  cannula  8crewed  open,  and  the  blood  allowed  to  flow.  The  rapidity  of 
the  flow  can  be  varied  as  much  as  desired  by  the  size  to  whieh  the  instrument  is 
8crewed  or  un8crewed,  and  the  lumen  of  the  artery  is  never  diminished. 

**It  wili  be  noticed  that  the  artery  is  cufFed  instead  of  the  vein.  This  method  I 
believe  to  be  more  correct.  The  vein  is  the  larger  vessel  and  can  therefore  be  more 
easilj  telescoped  over  the  artery.  The  vein  is  only  exposed,  not  freed,  and  the  artery 
is  intubated  into  it.  With  this  cannula  I  have  been  able  to  make  the  anastomosis 
in  less  than  four  minutes  after  the  artery  has  been  isolated  and  have  found  the  entire 
procedure  a  simple  one.  The  advantages  of  the  instrument  are  the  following:  (1) 
The  cannula  will  fit  any  vessel;  (2)  the  cannula  is  applied  around  the  vessel  instead 
of  the  vessel  being  drawn  through  the  cannula;  (3)  no  ligature  of  the  cufFed  vessel 
is  required;  (4)  the  cannula  itself  acts  as  a  hemostatic  clamp;  (5)  the  cuffing  of  the 
artery  is  ea8ily  accomplished  without  stripping  back  the  adventitia,  and  therefore 
the  traumatism  to  the  artery  wall  is  reduced  to  a  minimum;  (6)  the  vein  needs  only 
be  exposed,  not  dissected  out  and  cut;  (7)  as  the  cannula  is  unscrewed,  the  blood  will 
flow;  the  flow  can  be  regulated  at  will,  and  the  lumen  of  the  artery  is  not  diminished." 


Fio.  69. — Bernheim'8  2-piece  Transfusion  Tube. 


Lilienthal  and  also  Elsberg  now  prefer  the  direct  vein-to-vein  over  the 
artery-to-vein  method,  and  recommend  Elsberg'8  cannula  as  being  the  best 
means  for  accomplishing  the  anastomosis. 

Berniieim's  Tube. — One  of  the  most  recently  devised  appliances  for  the 
direct  arterv-to-vein  method  is  the  transfusion  tube  of  Bemheim. 

"It  is  a  two-pieced  af- 
fair  (Fig.  69)  consisting 
of  two  hollow  tubes^  each 
4  cm.  long,  and  each 
bulbous  at  one  end  in  or- 
der  to  form  a  neck  for  a 
retaining  tie,  and  beveled  to  facilitate  entrance  into  the  vessel ;  the  other  ends 
are  tubular  and  fitted  for  invagination." 

He  say8  that  it  is  especially  useful  in  transfusing  infants  whero  smallness 
of  the  parts  makes  actual  union  of  vessels  with  Crile  or  Elsberg  cannulse  diffi- 
cult;  and  in  emergeneies  where  speed  is  desirable  the  separate  halves  of  the 
tube  can  be  inserted  in  the  two  patients  at  once  by  separate  operators.  This 
is  his  very  excellent  description  of  its  use: 

"The  radial  artery  is  dissected  out  as  follows,  novocain  (0.5  per  cent.)  being  the 
nnesthetic  of  choice:  (1)  Expo8e  the  artery  with  its  accompanying  veins  (just  above 
the  wri8t  joint)  for  a  distance  of  about  two  inches;  (2)  free  the  artery  from  the 
veins  and  tie  off  ali  branches  doubly  with  fine  silk,  cutting  between  the  ties;  (3)  tie 
off  the  artery  doiibly  at  the  distal  end  of  the  wound  and  cut  between  ties,  thus  allow- 
inc:  about  one  and  one-half  inohes  of  the  vessel  to  be  frce  in  the  wound;  (4)  tie  off 
ali  bleodiuK  points  in  the  w()und,  and  koep  a  conatant  stream  of  warm  salt  solution 
floNving  ovor  th(»  artery.  ali  sponging  being  done  with  gauze  moistened  in  the  same 
polution ;  (5)  plaoe  a  bull-dog  clanip  on  tho  vessel  at  the  proximal  end  of  the  wound. 
A  small  out  is  now  made  in  the  upper  side  of  the  artery  with  a  pair  of  fine  scissors, 
the  oponing  being  made  at  right  angl<»s  to  the  course  of  the  vessel  and  about  half  its 
width.     Next,  every  visible  traee  of  blood  is  immediately  washed  out  in  warm  salt 
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Boltilion  aiiO  liriiiM  vuBoliiie,  thp  latter  lioin«  injectud  into  tlie  lumen  of  the  veasel 
witli  II  nipiliciiip  ilropper  at  frw)nent  intervala  clurin^  the  »asliing  proces.  It  keeps 
tli*-  vt-ssf!  luift  (iiid  pliable,  aiiii  i»reveiita  U>(>  rapld  evaporRtioii  and  i-iniaetincnt  tlrjing. 
Any  littlr  hit  iif  :dvfiititia  tliat  niay  pet  into  the  openin^  ahciuld  be  cart>ful!y  pushed  , 
-  away  or  cnt  off.  (6)  The  vesse]  Iiaving  been  carefullj  prepared.  the  beveled  end  of 
the  mule  half  of  the  tube  is  insertpd  into  the  artery  and  held  there  by  a  tie  throwii  ^ 
around  ila  neck.  (Fig.  70.)  Litjuid  vaseline  is  again  injected  into  the  vL'9«eI  through 
the  tube,  and  the  whote  thing  wrapped  in  salt  solutioii  gaii^e  to  awBit  the  comple- 


TiuHsruBiuN:   Mai,e   Halp  or 

ToB»Tiei>lSToRAWALARTBttY. 


tion  uf  H  aimilar  preparation  of  the  vein  of  the  recipient.  (T)  It  ie  hard]y  neceesarf- 
to  dissect  out  more  than  one  ineh  of  the  vein.  and,  as  thia  is  alway9  qHite  Buperfioial, 
the  titne  required  for  the  who1e  procedure  of  disseetion,  cleanaing  and  insertion  of 
ibe  female  half  of  the  tube  (Fig,  71)    amount  to  har<l]y  more  than  five  minute«. 

(8)  Whon  both  patients  have  been  prepared,  their  stretehers  are  broiight  into  apposi- 
tion  and  the  tno  aruia  are  plaeed  on  a  tuble  about  one  foot  broad.     With  a  littlc  i 
man  i  pu  lat  i  on  the  wrist  of  the  donor  is  brought  into  euch  i)roxiinity  to  tbe  e1bow  of 
the  recipient  that  the  tubes  cnn  be  invaginaled   to  the  proper  desree.     (Fig.  72.) 

(9)  UTien  thia  is  accomplished.  a  8tepdy  stream  of  wann.  aaline  solution  is  started 
flawins  over  the  8rtery,  tubo  and  vein,  and  the  buU-dog  damp  is  removod  from  the 
rein,  ita  plaee  beinir  taken  by  the  tbumb  nnd  firet  finger  of  the  operator,  With  great 
čare  the  clamp  eontrollingr  the  arterial  flow  ia  now  gradua!ly  released,  ooineidently 
iirith  whieh  the  Ihumb  and  finger  controlling  the  vein  (tradiially  ease  up,  thua  permit- 
ting  the  blood  to  go  over  Krudufllly,  bo  aa  to  prevent  any  po8aibility  of  ewainping  or 
embarrnssing  the  circulation  of  the  recipient  by  a  suddcn  gush  of  blood  under  great 
prcMure." 
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If  clotting  occura,  he  removes  both  tubes,  wa8heB  oiat  the  vessele  with 
saline  and  liquid  vaselin,  and  inserts  a  new  set  of  tubes,  the  flow  being  started 
in  the  usual  niannor.  When  the  transfusion  is  finished  the  tubes  are  re- 
movcd,  the  veasel  ligated,  and  the  wound  sutured. 

Caheei.'8  Sutuke. — Carrel'8  Buture  wa8 
used  by  Crile  before  he  deviaed  his  own  can- 
nula,  and  has  becn  used  bv  inany  other  oper- 
ators  with  satiafaction.  The  technic  of 
the  suture  itself  has  been  described  under 
cnd-to-end  arteriovenous  anastomoBis  bv  su- 
ture. Pool  reported  a  Beriea  of  transfusions 
iu  1910  by  Carrel  suture.  Lilienthal  (per- 
Bonal  communication)  Bays  he  haa  used  tho 
suturo  method  successfnllj  in  sevcral  vein- 
to-vcin  transfusions.  He  dissects  out  abont 
3  inchcs  of  the  donor's  vein  at  the  elbow, 
leaving  a  certain  amonnt  of  superficial  fascia 
around  it  to  allow  of  easj  handling,  and  after 
freeing  abont  one  inch  of  the  recipient'B  vein 
(usua1l,y  basilic  or  cephalic,  at  the  elbow) 
be  prepares  the  ends  and  anastomoses  them 
by  the  method  of  Carrel. 

Jeger  sayfi  that  the  Carrel  method  ia  used 
by  Enderlen,  Hoercken,  and  Tuffier.  Hors- 
Mbthod  of  Iey  also  uaea  suture,  but  of  mattress  type  in- 
stead  of  ovorhand.  Jeger  continues:  "The 
nae  of  the  direct  vessel  suture  in  blood  trans- 
fusion has,  however,  the  disadvantage  of  being  exceeding  difficult.  Tuffier  in- 
forms  us  tliat  Carrel  iu  his  čase  (at  TniRer'8  Clinie)  completod  the  vessel  euturc 
in  iive  niiuutes,  but,  in  tho  handa  of  most  other  surgeons,  this  operation  vould 
require  a  vcry  great  deal  more  tirne." 

Bbew£b's  TiBEs, — Brewer's  tubes  are  of  glasa,  lined  with  parafGn,  about 


in.      72.  —  BekHheih' 
TiUNBrnBiON:    Tcbeb 
AND  Anastouosis  C I 


'Biieweh'b  TuAHHrnaioN  Tdb>. 


3/16  of  an  inch  in  diameter  at  Inrger  cnd,  tapering  to  Vs  inch,  and  Blightly 
flared  at  both  cnds.  They  are  nbout  21/.  inches  long  and  have  a  double  bend 
(Fig.  731.  The  arterv  and  vein  are  cxposed  in  the  usnal  manner,  and  the 
snialler  cnd  of  the  tube  is  slipped  into  tho  artery,  the  larger  into  the  vein,  and 
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tied  in  wLth  ligatiire.  Tlie  flared  ends  of  thn  tube  keep  the  vcssels  from  sHp- 
]»ing  off.  Tlie  objection  to  these  tubes,  as  stated  bv  Brewer,  is  that  the  lumeti 
is  too  small  to  ailow  of  siitficient  rtow.  TLis  objection  bas  apparently  been 
ob%'iatod  in  the  moditication  brought  oiit  by  Fauntleroy. 

Several   j^eara   ago    Dorrance   and    Gtnaberg    tidvised    direct    vein-to-vein 
tran»fiisioii;  nnd  later  FainitUirov  reported  the  nse  of 
tlip   Brcwor  IiiIk!  in  dirc^t  vein-to-vein  transfiisioii. 
The    metli  od   wnuld    scem    an   esccllent   einergencj 
meaaure  wliere  speoial  canniilse  were  imobtainable. 

VEIN-TO-VEIN  METHOD. — Flare  the  ends  of  a 
pieco  of  tbin  glass  tiibiug  '^  incb  insidc  diamcter  bv 
heating  them  and  pushing  a  pointed  wire  nail  iiito 
the  himen  v,-bile  hot  (Fig.  74).  Heat  the  tnbe  again 
and  bend  into  an  S-  or  U-sbape  witb  extremitie9  3 
i  nebes  apart,  aa  it  is  desjgned  to  have  tbo  bauda  of 
ihe  patients  pointing  in  tbo  same  or  opposite  direc- 
tions,  After  boiling  the  tubea,  drop  tbem  into 
iiielted  paraffin;  lift  them  oiit  witb  a  sterile  forceps,  ih'8  Tubes. 

shake  excess  paraffin  ont,  lay  in  sterile  gaiize  to  cool, 
and  wipe  paraffin  off  their  outside.     The_v  are  then  read_v  fop  nse. 

Hako  the  superfieial  vcins  proraincnt  by  applving  a  constrictor  abovo  the 
elbow.  Exposc  and  free  tbc  cbosen  vein  of  the  recipieut  for  about  1  incli. 
Pasa  2  ligatiires  aroiind  it  at  the  ends  of  the  freed  portiou;  tio  the  distal  one 
and  reniove  the  constrictor.  Expoae  and  paas  ligatures  aroiiud  tbo  donor'« 
vein  in  similar  fasbion,  and  tie  tbo  prosimal  one.  Teinporarily  oetOnde  the 
diatal  end  bv  serrefine,  tape,  and  clamp,  etc. ;  open  the  donor'8  vein  (or  divide 
if  t  far  fnoiigli  (ibovo  tbi^  to  slip  the  preparcd  tube  distall.v  into  it,  and  tie  it  in 

plače  witb  the  distal  liga- 
ture,  Lay  the  donor'8  and 
recipienfs  arm  aide  bv 
aido  on  a  aniall  table  with 
tbf  elbows  lit  the  same 
IpvcI,  and  opposite  eacb 
iitlier.  Ojien  tbe  vein  of 
_.,  ,,,  ,       .         .     T  t        ''"'  reeipiiint  bef.vveen  liga- 

iFnuiiiitn-.ii.  tnrcB,     renmve     tbe     tem- 

porarv  hemoatatic  on  tha 
donor'8  voin;  allow  tbe  blood  to  flow  throngh  tubo  and  expel  the  air,  slip  tbo 
freo  end  into  tlie  recipient'a  vein,  and  tie  in  plače  witb  the  proxiraal  ligature 
(Fig.  lit).  The  donor'«  constrictor  is  left  in  plače  to  keep  np  bia  venona  prea- 
siire.  When  aufficicut  blood  baa  pnsaed  remove  tlie  tnbe,  ligate  tbe  veins,  and 
close  tbo  wonnd.  Fauntlerov  Bay8  it  is  as  eany  aa  a  aaline  infuaion:  Move- 
ment  of  tbe  patients'  arms  nniat  be  gnarded  againat  on  accoiint  of  angutating 
veina  againat  ends  of  tube  and  cansiug  clotting  of  blood. 


.^,10 
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Vincent  has  used  siniilar  tubes  with  satisfaction. 

The  Indirect  Method  of  Transfusion. — The  indirect  method  of  transfusion, 
in  which  the  blood  is  passed  from  donor  to  recipient  by  the  medium  of  some 
foiin  of  Container,  depends  for  its  suceess  upon  the  failure  of  the  blood  to  clot 
in  the  interval  between  its  withdrawal  from  the  former'8  and  its  introdiiction 
into  the  latter's  veins.    Such  a  eoagulation  scems  to  be  avoidable  in  three  way8 : 

(1)  By  making  the  transference  so  rapidly  that  insufficient  tirne  for  clot- 
ting  elapses  between  the  blood^s  withdrawal  from,  and  its  reintroduction  into, 
normal  vascular  ehannels. 

(2)  By  "the  employment  of  an  intermediate  sy8tem,  providing  no  point 
of  contact  with  anv  moistenable  surfaces,  and  at  the  same  tirne  minimizing  as 


Fig.  76. — Curtis  and  David'b  Apparatus  for  Indirect  Transfusion. 


far  as  possible  the  exposure  of  broken  tissue  surface  to  the  blood  stream." 
(Satterlee  and  Hooker.) 

(3)  By  "the  emplovment  of  a  sufficient  amount  of  some  physiologic  agent 
(antithrombin)  to  restrain  or  oflPset  the  initiative  factors  of  eoagulation  during 
the  tirne  of  the  conveyance  of  the  blood  through  a  foreign  system,  such  as  glass 
and  metal."     (Satterlee  and  Hooker.) 

Upon  the  first  of  these  principles  are  based  the  methods  of  Moritz  and 
Lindemann;  upon  the  second,  those  of  Curtis  and  David  and  Satterlee  and 
Hooker.  Experiments  are  now  under  way  to  determine  the  practical  value  of 
the  third  principle  (by  Satterlee  and  Hooker,  and  others). 

The  indirect  method  of  transfusion  has  recently  been  taken  up  by  a  num- 
ber  of  men,  and  the  work  of  Moritz,  Curtis  and  David,  Risley  and  Irving, 
Lindemann,  Satterlee  and  Hooker  has  done  a  great  deal  toward  popularizing 
this  method. 

CURTIS  AND  DAVID  MKTHOD.— Curtis  and  David  use  a  100  c.  c.  glass 
syringe  with  rubber  tube  attached  and  a  double  cannula  tipped  glass  bulb  of 
100  to  400  c.  C.  capacity  (Fig.  76).  The  glass  bulb  is  sterilized  by  the  dry 
method  and  the  inncr  surface  coated  with  paraffin.  The  paraffin  coat  is  best 
applied  by  pouring  hot  paraffin  into  the  open  end  and  then  rotating  the  bulb 
to  secure  a  uniform  coat.     The  two  cannula  tips  are  then  heated  and  each  in 
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tlim  (lippod  into  melted  paraffiu,  and  shakeo  to  make  a  thorough  coatiug  so 
as  to  ke»ip  the  esceas  frora  occhiding  the  lumen.  The  ajTinge  and  rubber  tube 
are  prepared  by  boiling. 


"With  the  apparatus 
most  prominent  vei 
strictors  if  deaired), 
distal   end   of  the   j: 


7  read.v  for  iise,  a  one-half  iiich  incision  ia  made  over  the 
of  the  elbow  region  in  both  donor  and  recipient  (using  eon- 
The  donor's  vein  is  then  clamped  (with  a  vessel  clamp)  at  the 
ision,  Btripped,  ligatcd  prasimall;,  cut  betow  the  li(;ature  and 
washed  oiit  with  one  per  cent.  solutiou  of  sodiiim  eitrate. 
The  recipient'8  vein  is  ligated  distally,  stripped  toward  tho 
heart  and  claniped  at  the  upper  end  of  the  iiieision  (with 
Teaael  clamp),  cut  ahove  the  lignture  and  also  ivashed  out. 
The  canniila  tipa  are  moisteued  by  introducing  a  few  dropa 
of  liquid  petrolatum  throu^h  the  bulb  end,  then  inserted  into 
the  respeotive  veiiis  of  donor  and  recipient  and  ligated  in 
position.  Aided  by  the  use  of  a  shoulder  conatrictor,  blood 
rapidly  entere  the  bulb  when  the  donoi^s  vein  is  relensed.  Aa 
the  blood  rises  in  the  tube,  a  covering  of  liquid  petrolatum 
is  added  to  relieve  Burface  tenaion.  The  ruhbcr  tube  is  now 
fitted  over  the  top  of  the  glass  bulb  and  the  tube  and  eyringe 
are  usod   to  prodoce  positive  and  negative   preesure,  as  ( 


Fio.  77.— KmpTONs  C' 


sirvd.  (The  bulb  usually  filla  without  resorting  to  euctioii.)  The  donor'«  vein  i 
then  held  by  the  finger,  the  recipienfs  vein  released  and  the  blond  introduccd  into  the 
lutter  at  anj-  desired  rate  of  flow.  When  the  bulb  is  neQrly  empty.  the  recipient'B  vein 
is  held  and  that  of  the  donor  relcased,  thua  allowing  the  bulb  to  agnin  become  fillod 
with  blood,  nfter  whieh  the  procesa  continues  as  before." 


Tliev  had  done  4  or  5  hiiman  tranafiiaiona  by  this  raethod  siiccessfullj  w}ien 
tliev  pnblishcd  tbis  report.  passing  over  1,050  c.  c.  of  blood  in  one  casc. 

Jegcr  savs  tbat  a  pnrtain  advantago  of  the  Ciirtis  and  Paviil  apparatus 
(iver  otlicrs  exi8t8  in  ita  abilitv  to  transfcr  blood  into  tho  arterial  (againat  the 
imrrent)  as  well  as  into  the  venoiia  avstem.  Siich  an  abilitv  might  poasiblj  be 
niRde  use  of,  ho  tbinks,  in  a  centripetal  arterial  tranafiiaion  by  which  the 
Wood  woiild  tond  to  Ije  forced  into  tbc  anrtio  bnlb  and  bo  fill  the  coronarv 
arterie8  and  reaiiscitate  an  enfeebled  heart.  Tbis  procedure  has  been  men- 
tioned  by  Crile  and  Dolley. 
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KIMPTON  METHOD. — Kiinpton  has  recently  piiblished  a  method  very  simi- 
lar  to  Curtis  and  David'8.  He  ušes  a  250  c.  c.  paraffin-lined  cylinder  of  his 
own  pattem,  having  a  lateral  tube  and  a  terminal  cannula  tip  (Fig.  77).  He 
exposes  the  antecubital  veins  of  donor  and  recipient  in  the  usual  manner,  al- 
low8  the  tube  to  fill  from  the  former  by  venous  pressure,  and  then  injects  the 
blood  into  recipient's  vein  by  pressure  from  an  aetual  cautery  bulb  pump 
whieh  he  attaches  to  the  lateral  tube  of  the  cylinder.  If  more  than  250  e.  c.  of 
blood  are  required  he  ušes  a  fresh  tube  for  each  subsequent  injection.  II e 
reports  15  successful  transfusions  by  means  of  this  apparatus,  and  Turnure,  in 
a  personal  communication,  tells  me  of  4  additional  successful  operations. 

COOLEY  AND  VAUGHAN  METHOD. — Cooley  and  Vaughan  injected  120 
to  150  C.  C.  of  human  blood  and  saline  (about  20  c.  c.  blood)  into  the  median 
basilic  vein  of  a  baby  exsanguinated  by  intestinal  bleeding  of  melena  neona- 
torum.  An  attempted  vein-to-vein  anastomosis  by  Crile  cannula  having  failed 
on  account  of  small  size  of  child  and  lack  of  blood  in  father's  veins,  one  of  the 
operators  acted  as  donor  and  the  other  withdrew  from  his  basilic  vein  about 
8  C.  C.  of  blood  through  a  sharp  needle  into  a  10  c.  c.  glass  syringe  into  which 

1  C.  C.  of  saline  solution  had  previously  been  drawn.  One-half  c.  c.  of  saline 
was  then  sucked  in  and  the  mixture  of  blood  and  salt  solution  injected  through 
a  blunt  needle  into  the  baby's  already  exposed  vein,  the  woimd  being  held 
open  by  two  sutures  of  catgut.  About  2  minutes  elapsed  from  the  time  when 
the  sharp  needle  was  inserted  into  the  donor's  vein  until  the  injection  of 
blood  into  the  recipient^s  vein  was  completed.  The  injection  was  repeated  in 
15  minutes  and  the  child  recovered. 

LINDEMAN'S  METHOD. — Lindeman  describes  his  present  technic  as  fol- 
lows: 

"The  entire  apparatus  consists  of  two  sets  of  cannulas,  two  toumiquets  and  twelve 
8yringes.  .  .  . 

"Two  sets  of  cannulas  are  employed,  one  for  the  donor,  the  other  for  the  recipient. 
(Figs.  78  and  79.) 

"There  are  three  cannulas  to  each  set.  Each  cannula  telescopes  within  the  other, 
as  8hown  in  Figure  79. 

"The  innermost  cannula  is  practically  a  hollow  needle.  The  hollow  needle  (Fig. 
79)  is  fitted  8nugly  into  Cannula  2.  Cannula  2  is  6  mm.  shorter  than  the  needle  and 
is  fitted  sn\igly  into  Cannula  3.  Cannula  3  is  5  mm.  shorter  than  Cannula  2.  The 
proximal  cnds  of  1  and  2  are  capped  with  8tationary  thumb8crew  caps. 

"The  proxinial  eiid  of  3  is  capped  with  a  receiver  to  fit  any  Record  8yringe. 

"Cannula  3  is  2  inches  long.  The  caliber  of  this  cannula  is  the  same  as  the  tip 
of  a  Record  syringe. 

"In  very  small  infants  with  very  small  veins,  only  cannulas  1  and  2  are  employed, 

2  being  capped  with  the  receiver  to  fit  tip  of  8yringe. 

"The  cannulas  I  now  use  are  made  of  platinum. 

"The  syringe8  used  are  Record  8yringes  of  new,  improved  type  with  a  capaci1y  of 
20  C.  C.  and  can  be  sterilized  with  95  per  cent.  alcohol,  20  minutes.  .  .  . 

"One  operator  manages  8yringe  of  recipient.  Another  operator  manages  8yringe 
of  donor.  An  assistant  stands  between  operators,  who  are  in  pesi  t  ion  close  to  the 
assistant.    Donor  and  recipient  are  placed  in  the  recumbent  posture. 
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"A  table  \»  arranged 
aa  rapidlf  as  they  are  uaed. 
basin  of  normai  šali  ne  soltitio. 
last  riDsiiiK;  the  sjringes  are  i 
solution  remains  prftcticallj  d( 

■■In  nduitB  bikJ  most  child 


itly  betwoon  them  so  tliat  n  nurae  can  wa8h  sjriiigea 
or  tliis  purpose  two  basina  of  sterile  water  and  one 
are  used.  The  normai  saline  solution  ia  uaed  iu  the 
well  uleuned  In  the  lirst  two  rinsinga  that  the  rinsing 


aeteaaible.    In  infanta  the  eztemal  jugular 


r  2  jeare  of  age  the  median  basilic  t 


B  eaailj 


3  of  itB  tributariee  is  entered  more 


.JOrn 


Fio.  78. — L:ni>eman'8  Cansitla,  Ahbembusd. 


"^ddi 


advantag^ouslj.    In  some  casee 
ence. 

"A  toumiquet  ia  placed  in 
cannula  is  tbeii  held  in  a  poait 
thumb-8crew  of  the  innermost  i 
the  cannula  is  forced  into  the 


the  intemul  sapheiious  may  proTe  the  vein  of  prefer- 

positioa,  and  tbe  skin  is  steriliaed  with  iodin.  The 
ion  almoat  parallel  to  the  vein  with  the  tbumb  on  the 
annula  (Fig.  78,  1).  The  akin  is  then  punctured  and 
ein.  After  the  first  joint  (A)  haa  entered  vein,  Can- 
nula 1  is  withdrawii  a  distance  of  about  one-half  inch.  (This  preventa  the  vessel 
veah  from  being  injured  or  punctured  by  the  needlc  after  the  vein  ig  entered.) 

"With  the  thumb  now  on  the  thumb-Bcrew  cap  of  2  the  cannula  ia  foreed  further 
in  untii  the  second  joint  (B)  (Fig.  78)  has  entered  the  vein.  Cannula  2  ia  tl;en 
witlidrawu  a  diatance  of  about  one-half  inch.  (Cannula  3  aloue  can  come  into  con- 
tuct  with  the  vesael  wall.)  Cannula  3  is  then  gently  pushed  into  tbe  vein  to  a  de- 
sirable  length:  nsunllj'  three-Quarters  to  one  ineh  will  suf&ce. 

"Cannulas  1  and  2  aro  now  withdrawn  ontirely.    If  the  vein  bas  been  8ucceaB{ully 


Fig.  Ti). — ^Lindeuan'b  Canntla,  Separated. 


entered,  blood  will  i1ow  through  the  cannula.  When  the  firat  drop  appears  a  s 
(TontainiMK  WDrm  ealine  solution  is  immcdiatelj  attached  and  a  veTy  slow  £ 
aklme  is  niaintained  tbrough  cannula. 

"(Whpn  tbe  iniiermost  needle,  No.  1,  has  entered  the  vein,  blood  is  aeen  to 
ihrouicli  the  prozimal  end.) 

"There  is  no  need  of  haato  at  ihis  Btage, 

"A  cnunula  is  next  inserted  in  vein  of  donor  in  a  like  mauner;  an  empty  a 
ifl  attached  to  this  cannula.  Everything  ia  now  in  rcadinesa  for  the  transfuaio 
blood  is  withdruwn  from  donor  as  rapidlj  as  possible.  VPhcn  the  s^ringe  ia  fi 
aasistiuit  pasaes  it  to  tlie  operator  on  tbe  reeipient,  who  removes  tbe  saline  Bj 
nltBfbes  the  sjrinKe  containing  blood  nnd  evacuatea  the  contents  gently  biit  sj 
into  the  vein. 

"One  syringefijl  of  blood  is  folloived  by  another  in  rapid  succesaiou  until  t 
flircd  <iuantity  of  blood  has  been  tranafuaed. 


i 
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"A  little  normal  saline  is  injected  through  cannula  of  recipient  after  every  2,  3,  4, 
or  6  8yTingeful8  of  blood,  depending  upon  the  speed  of  flow  from  donor.  This  keeps 
cannula  f ree  of  blood  and  precludes  the  possibilitj  of  clotting. 

"Some  25  tests  have  been  made  to  determine  the  length  of  time  required  for  blood 
to  coagulate  in  a  sjringe.  This  wa8  found  never  less  than  6  minutes.  The  length  of 
time  required  for  the  complete  filling  and  evaeuation  of  a  8yringe  is  from  6  to  12 
seeonds. 

"It  has  been  found  advisable  for  the  assistant  (or  third  man)  to  remove  the 
8yringe  of  the  donor  as  soon  as  filled.  The  operator  can  thus  hold  the  cannula  in 
plače  with  one  hand,  while  with  the  other  hand  he  may  at  once  adjust  an  emptgr 
8yringe  into  the  cannula.    Loss  of  blood  is  thus  reduced  to  a  minimum. 

"RuLES. — (1)  Bright  polished  surfaces  of  syringe  and  cannulas  are  requisite.  (2) 
A  8yringe  used  once  should  not  again  be  employed  until  thoroughly  cleansed  with 
sterile  water.  (3)  Air  must  be  avoided.  This,  however,  offers  no  difficulty.  (4) 
Tourniquet  of  recipient  must  be  removed  after  vein  is  entered  with  cannula.  (5) 
Toumiquet  remains  on  donor  throughout  operation.  (6)  Tension  of  the  toumiquet 
should  not  impede  the  arterial  flow,  but  should  be  suficient  to  block  venous  return 
to  a  point  at  which  the  highest  venous  pressure  is  obtainable.  If  the  tension  be  too 
great  the  first  syringe  will  fill  rapidly,  the  successive  ones  will  fill  veTy  8lowly.  If 
the  tension  be  too  little,  syringes  will  fill  slowly.  If  the  tension  be  adjusted  correctly, 
eyringe8  are  filled  very  rapidly.  (7)  Dexterity  and  speed  are  requisite  for  success. 
(8)  Before  beginning  a  transfusion  syringe8  are  cleaned  with  hydrogen  peroxid  and 
then  wa8hed  in  a  10  per  cent.  sodium  carbonate  solution  and  rinsed.  They  are  then 
ready  for  a  sterilization  in  alcohol.  .  .  . 

"The  time  elapsing  in  filling  and  evacuating  the  syringe  is  so  brief  that  blood 
does  not  undergo  any  alteration  from  donor  to  recipient.  For  this  reason  larger 
receptacles  for  conveying  the  blood  have  been  discarded. 

**No  lubricant  is  employed.    Cannulas  are  lined  with  a  film  ooating  of  albolene. 

'*Larger  syringe8  with  larger  calibered  canmulas  may  be  used,  but  the  present  sizes 
have  workcd  satisfactorily  and  fittings  of  syringes  and  cannulas  are  of  universal 
gauge. 

"Syringes  and  cannulas  may  be  kept  sterile  in  individual  metal  containers.  They 
are  thus  in  readiness  for  immediate  use  and  no  preparation  for  operation  is  re- 
quircd. 

"When  hemolysi8  occurs,  even  when  only  slight,  the  symptoms  appear  inmie- 
diately,  so  that  in  the  actual  performance  of  the  work  I  introduce  some  20  or  30  c.  c 
and  then  pause  to  await  any  8ymptom8  of  hemoly8is  appearing.  Should  none  occur 
the  transfusion  is  completed.  Should  symptoms  appear  the  cannulas  are  withdrawn 
and  no  harm  is  done  to  either  recipient  or  donor.  In  that  čase  another  donor  is  pro- 
cured. 

"The  merits  of  this  method  may  be  summarized  as  follows:  (1)  Simplicity  for 
the  recipient.  (2)  Simplicity  for  the  donor.  (3)  No  pain,  other  than  a  skin  puncture. 
(4)  No  disturbanee  of  the  recipient  or  change  of  position  is  necessary  and  the  work 
can  be  done  in  the  honio  as  eonveniently  as  in  a  hospital.  (5)  Any  quantity  can  be 
transfused.  (0)  Tho  (iiiantity  is  definitcly  known  at  the  time  of  transfusion.  (7) 
The  same  vein  may  be  used  repeatedly.  One  recipient  was  transfused  7  times  through 
the  same  vein  and  same  skin  puncture.  One  donor  was  tapped  nine  times  through 
the  same  vein  and  same  skin  puncture.  (8)  No  scar  remains  after  operation.  No 
skin  incision  is  neees8ary.  (9)  The  danger  from  hemolysis  is  practically  eliminated  by 
this  method.  (10)  The  facility  of  application  makes  possible  its  application  over  a 
wide  therapeutic  field.  .  .  . 

"Up  to  date  I  have  performed  137  transfusions  by  this  method.  There  were  no 
failures.  .  .  . 
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"The  joiingeat  čase  transfuaed  W88  6  weeks  old;  weight  6  Ibs.  6  oz.  Tlie  oldest 
čase  Ironsfused  waH  T3  jeare.  In  no  ease  vas  there  thrombosis,  embolism  or  aepsis; 
in  no  i?ase  vae  a  skin  inci^iion  made;  in  no  čase  was  auesthesia  given;  in  no  čase  wbb 
death  due  t«  aiiy  uiitnward  eflects  of  transfusiou, 

"Post-mortem  eiaminations  were  made  in  two  cases  several  weeks  after  trana- 
fusion.  Vciii  puiictirres  were  esamined  by  Dr.  Charles  Noiris,  Director  of  Labora- 
tories of  Bellevue  and  Allied  Hospitals,  wlio  could  find  no  evidenee  of  tbe  puncture. 
Theae  renoua  punpture  wounda  heal  by  first  iutention  and  no  thrombosis  oocurs  at 
the  site  of  the  punoture.  ...  | 

"In  the  total  number  of  transfusione  there  were  343  cannula  insertiona  into  Teina; 
218  into  modiau  baailic;  25  into  extemal  jugular.    In  208  insertiona  the  median  basitio    , 
Tein  WH8  aitered  on  first  puncture. 

'In  one  čase  six  transfusions  were  performed  nt  different  intervala  of  time,  usinff 
tbe  same  vein  through  the  same  skin  puncture  in  each  operation.  One  donor  waa 
used  for  eighl  transfusiona  at  different  intervale  of  tirne;  the  cannula  wa9  iuaerted 
into  ihe  same  vein  through  tbe  aanie  skin  puncture  on  each  oecaaion.  .  .  . 

"Judgment  of  the  aniouut  of  blood  to  be  transfused  will  depend  upon  Ihe  size^ 
vreight,  age,  ph,vsical  condition  of  the  patient,  the  typc  of  disease  to  be  treated,  the 
object  to  be  gaiued  by  tranafusion,  the  presenoe  of  other  oomplications,  and,  lastlj, 
eiperienee.  The  largest  amouut  I  have  transfuaed  into  one  individual  in  one  Bitting 
is  2,000  C.  C.    Thia  quantity  wa8  taken  from  two  donors.  .  ,  . 

"The  quantity  of  blood  that  cati  be  dr8wn  from  u  donor  varics,  The  largest 
(|Utintity  1  have  taken  from  one  individual  in  one  aittinji  is  1,400  c.  c.  The  largeat 
WBa  5  feet  8  inches  in  height  and  vveigbed  170  Iba.  I  have  frequently  taken  900  to 
1.000  C.  e.  in  one  altting. 

"If  the  čase  be  not  one  of  infeetioiis  disease,  two-thirds  quantity  of  the  blood  drown 
from  donor  is  replaccd  vith  iionual  aaline  through  the  cannula  with  which  transfusion 
wa8  performed.    When  infeirtion  ia  present  the  same  eannula  ia  not  used. 

"If  at  any  time  the  blood  preasure  in  the  donor  ehould  fall  so  that  blood  is  with- 
drawn  nith  great  difficulty.  it  is  an  indication  that  no  more  blood  can  be  spared  at 
that  tirne. 

"The  reaction — chill,  fever,  ett'. — after  transfusion  from  a  blood  relatlve  in  moat 
inetonces  ia  less  than  from  un  alien.  In  three  cases  of  transfusion  from  aliena,  bemoly- 
sis  oceurred  from  whioh  patients  recovercd,  (It  ahould  be  home  in  mind,  how6Ter, 
that  hemo1yBis  ean  occur  with  family  blood.) 

"Providing  the  same  donor  be  used  there  ia  frequcntly  no  reaction  after  the 
Mcond  and  suceeedtug  transfusions.  And  if  any  reaction  occura  it  is  usually  ver; 
mild. 

"A  given  donor  of  alien  blood  will  cause  a  chill  and  a  temperature  in  one  patient 
and  none  in  another,  though  the  transfusions  be  done  on  the  same  day  and  both 
patienta  hnve  the  same  diaease,  and  the  same  quantity  be  diven. 

"The  chill  and  temperaturo  reactiona  may  be  asaociated  with  slight  degree  of 
hemolysis  incident  to  serum  reaction.  I  have  occa8ionally  observcd  such  hemoly8i8 
in  a  few  casea  ervident  onIy  liy  a  alight  jaundice  tint  disappearing  within  24  houra.  In 
atieh  čase  in  the  succeeding  transfusion,  the  same  donor  being  uaed,  this  tint  ia  absent 

"In  the  aetual  porformance  of  the  work  I  introduco  a  sniall  quantity  of  blood  and 
ihfM  pBUae  for  a  shtirt  period  of  time  before  continuing  transfusion.  Opportunity  ia 
thus  nfforded  for  observiug  tbe  compatibililj  of  the  blood  introduced. 

"flhould  an  undesirable  reaetion  ever  occur  indicative  of  incompatibility,  trans- 
fusion is  discontinued ;  no  harm  is  done  and  another  donor  is  procured.  Danger  from 
bemoljrsia  ie  thua  eUminated." 
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McGRATH'S  METHOD. — McGrath  has  recentlj  described  a  modification  of 
Aveling^s  method,  in  whicli  he  iises  a  30  c.  c.  rubber  biilb  having  two  long 
polar  processes,  or  cannulse,  of  suitable  size  to  enter  the  veins.  The  latter 
are  exposed  in  the  usual  manner  and  the  tips  of  the  processes  are  inserted  into 
them,  after  filling  the  bulb  with  salt  solution,  and  held  by  ligatures.  Alternate 
filling  and  emptjing  of  the  bulb  by  compression  and  release  from  the  donor 
into  the  recipient  transfer  the  desired  amount  of  blood.  The  apparatus  is 
made  without  joints.  No  anticoagiilant  is  usod  and  the  method  has  proved 
suecessful  in  experimental  work. 

SATTERLEE  AND  HOOKER^S  METHOD.— Satterlee  and  Hooker  have  re- 
eently  publislied  an  account  of  a  method  whieh  appears  to  be  an  improvement 
on  Curtis  and  David's.     See  Volume  I,  Chapter  IX. 

Choice  of  Methods. — No  absolute  decision  can  at  present  be  made  as  to 
whieh  is  the  bost  method  of  transfusion.  Unquestionably  the  direct  method 
has  reeeived  more  attention  and  has  been  practieed  a  greater  number  of  times 
in  the  past  10  years  than  has  the  indirect  method.  The  possibilities  of  the 
latter,  however,  are  at  present  being  more  thoroughly  investigated,  and  it  is 
probable  that  the  next  decade  will  see  a  reversal  of  the  proportion  of  direct  to 
indirect  transfusion. 

Curtis  and  David,  in  a  recent  communication,  summarize  their  objeetions 
to  the  direct  method  as  follows : 

"The  operation  requires  delicate  technic  such  as  is  possessed  only  by  those 
who  have  had  experience  in  blood-vessel  surgery.  Considerable  tirne  is  con- 
sumed  in  performing  anastomosis  of  the  vessels.  The  rate  of  flow  and  the 
amount  of  blood  transfiised  are  not  measurable.  The  flow  of  blood  sometimes 
ceases  before  the  desired  amount  has  been  transfused,  even  though  the  oper- 
ative  technic  is  excellent.  Movement  of  either  donor  or  recipient  may  tear 
the  vessels  apart  at  their  point  of  union  in  spite  of  watchfulness  on  the  part 
of  the  operators.  In  infectious  patients  there  is  always  dangor  of  transfer  of 
infection  from  the  recipient  to  the  donor.  This  is  most  liable  to  occur  through 
the  rubbing  of  the  raw  surfaces  which  are  held  or  bound  together  during  the 
entire  procedure.'' 

The  third  objection  of  this  series  is  the  only  one  that  can  be  held  to  apply 
against  the  direct  method  of  transfusion  by  glass  tubes  as  origiiuited  by 
Brewer  and  modified  by  Fauntleroy.  The  others  apply  no  more  to  this  method 
than  to  Curtis  and  David's  own. 

Risley  and  Irving  have  (in  1911-12)  carefully  and  critically  tested  Crile's 
cannula,  Soresi's  cannula,  Frank's  (dog^s  carotid),  and  riartweirs  (simple 
invagination  of  artery  into  vein)  methods,  Brewer's  tubes  and  Curtis  and 
David's  svringe  and  receptacle  with  a  view  of  settling  which  is  at  present  the 
most  generallv  useful  method  of  transfusion.  They  say:  "In  so  far  as 
purely  mechanical  metal  devices  go,  this  admirable  little  adjustable  cannula 
(Elsberg's)  is  stili  the  best."  Thev  call  the  paraffined  glass  tubes  "far  ahead 
of  any  of  the  other  more  complicated  devices  proposed,  but  also.by  far  the 
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most  8atisfnetory  for  ali  rounci  transfuaion   work,  artery-to-vein,  or  vein-to- 
vein,  aiiult  or  infant,  and  for  skilled  or  miskilled  operators."  i 

TLe^  aiso  speak  favorabl^  of  Curtis  aud  David's  iiiethod. 

Jiiat  at  present,  then,  it  would  appear  that  direct  transfuaion  by  thc  par-  | 
affin-lined  glaaa  tube  is  tbe  most  generally  available  and  simplest,  but  it  lacka 
the  advantage  possessed  by  tbe  indirect  metbods  of  aceuratelv  measuring  tbe 
amount  of  blood  trausfiiaed.     In  as  much,  however,  as  the  effect  upon  tbe  re- 
cipient,  as  observed  in  bia  general  appearance,  raised  bemoglobin  iudex  and 
increased  blood  presBiire  aiitl  in  tJie  reduction  in  rate  and  the  improvement  in 
qiiality  of  Lis  pulse  is  the  real  indicatiou  of  the  effect  of  transfiision,  ratber   i 
than  tbe  acciirate  nienetiircitieut  of  the  amount  of  blood  passed,  tbis  lack  cannot  j 
be  cousidered  of  the  firat  importance.  ' 

If,  bowever,  the  indirect  metbod  with  sjringe,  as  practieed  by  Moritz, 
Kindenian,  Coolej  and  Vaiighan,  aud  othera,  or  with  the  paraffin-Hned  glaaa 
reeeptacle  of  Curtia  and  David  and  Satterlee  and  Hookcr,  provea  as  safe  as 
the  direct  metbod,  it  will  donbtleas  become  the  niethod  of  chnicc;  and  in  tbis 
city  it  is  probably  more  used  now  than  tbe  direct  metbod.  If  tbe  direct 
niethod  be  used  there  is  stili  some  que9tion  as  between  the  artery-to-vein  and 
the  vein-to-vein  practice  of  it.  Dorrance  and  Ginsberg  state  tbe  advautages 
of  artery-to-vein  procedure  as:  giving  siitbcicnt  bk>od  preasure  to  iutroduce 
blood  qiiictly  from  donor  into  recipient;  that  blood  frora  artery  is  richer  in 
oxygen  than  that  of  vein.  Tbey  believe,  bowever,  tbat  vein-to-vein  procedure  ia 
simpler  and  safer  and  recoininend  its  use. 

Lilientbal  states  the  advantages  of  the  vein-to-vein  metbod  as  followa: 
The  diascction  docs  not  open  tbe  fascial  planeš  of  tbe  wrist  to  posaible  iufcc- 
tion.  The  radial  pulse  is  not  interfered  with.  Tbe  dissection  and  nianipula- 
tion  of  the  vein  is  casier  than  tbat  of  the  artery.  The  donor's  vein  genera]iy 
used  is  larger  tban  the  radial  artery.  The  vein  is  less  ausceptible  to  external 
inlluence  (for  exaniplc,  contraction  of  artcry  and  rcsulting  alow,  or  no,  flow). 
Tbo  flow  is  rapid  and  8teady. 

Elsberg  also  fpersonal  communication )  prefers  the  vein-to-vein  procedure. 
Among  tbe  difficiilties  of  the  operation  may  be  mentioned:  refusal  of  radial 
artery  to  bleed;  inability  to  find  aufficiently  large  vein  in  arm;  clotting  of 
blood  in  cannula;  piercing  vein. 

Peck  nientions  an  instance  wbere  the  donor'a  radial  artery  absolutelj  ro- 
fused  to  bleed. 

Pcck,  Lilienthal,  Warren,  and  othera  bave  mentioned  the  difficulty  of  fiud- 
in^  a  siiitahle  vein  in  tlie  ann  of  tbo  recipient.  In  a  few  caaes  this  resiilted  in  fail- 
nre  of  the  operation,  as  tbo  patient  woidd  not  allow  any  otber  vein  to  be  used. 

Peok,  Lilientbal,  Bernheini,  and  others  raention  the  occurrence  of  olotting 
io  tbe  cannula,  or  at  tbo  point  of  anastomosis. 

\Varren  and  othera  mention  tbe  pos8ibility  of  thrusting  the  point  of  tbe 
needle,  or  trocar,  throngh  tbo  opposito  wall  of  tbe  vein  while  atterapting  to 
iDtrodace  it  into  the  lumen. 
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Dangers  of  Transfusion. — Among  the  possible  daiigers  of  the  operation 
should  be  mentioned:  transmission  of  disease  from  donor  to  recipient;  traiis- 
mission  of  disease  froin  recipieut  to  donor;  Lemolvsis;  agglutiiiatiou ;  aeute 
dilatation  of  the  heart;  air  embolisni;  blood  emboHsm;  siiction  changiug  gas- 
eoiis  tension  of  blood ;  laking  red  cells  and  setting  f  ree  toxic  substances. 

TRANSMISSION  OF  DISEASE  FBOM   DONOR  TO  RECIPIENT   (Svphilis,  Gon- 

orrhea,  Malaria,  etc.). — This  can  be  entirely  avoided  by  a  thorough  prelimi- 
nary  examination  of  the  donor. 

TRANSMISSION    OF    DISEASE    FROM    RECIPIENT    TO    DONOR     (Typhoid, 

Septicemia,  etc). — This  can  be  avoided  by  using  an  immune  donor,  or  by 
avoiding  any  aetual  contact  between  donor  and  recipient.  (Brewer'8  tube  or 
indirect  method.) 

HEMOLTSIS. — Hemolysis  is  regarded  as  a  real  and  ever-present  danger  by 
manv  siirgeons,  but  Bemheim  remarks:  **The  danger  of  hemoly8is  following 
transfusion  has  alway8  been  vastly  overrated  and  unwarrantably  feared.  In  a 
rather  large  scries  of  transfusion,  done  for  the  relief  of  nianv  and  varied  con- 
ditions,  I  have  never  seen  it  occur,  and  I  know  of  but  one  authentic  instance 
where  it  complicated  matters. 

"It  must  be  remembered  that  hemolytic  tests,  even  at  best,  are  not  en- 
tirely  conclusive  and  do  not  absolutely  protect  against  hemolysis.  The  blood 
of  one  individual  inay  hemolyze  that  of  another  in  the  test  tube,  but  not  in  the 
body  after  transfusion;  and,  vice  versa,  the  laboratory  tests  may  pronounce 
an  individual  a  suitable  donor,  and  yet  hemoly8is  inay  occur  after  transfusion." 

On  the  other  hand,  Elsberg,  Lilienthal,  Peck,  Lindeman,  and  others  em- 
phasize  the  extreme  importance  of  it.  Elsberg  has  done  2  successful  cases 
without  preliminary  test  in  emergency  cases.  Peck  mentions  a  čase  in  which 
it  wa8  impossible  to  get  a  heniolysis  test  beforehand.  The  patient  wa8  trans- 
fused  by  the  Lindeman  technic  with  33  syringefuls.  She  died  within  48 
hours  with  signs  of  obscure  blood  changes. 

Lindeman  mentions  one  čase  where  the  laboratory  reported  hemoly8is  test 
negative,  but  hemolysis  was  noted  after  75  c.  c.  had  been  given.  Transfusion 
was  stopped,  and  another  serologist  reported  hemolysis  test:  slight  heinoly8is 
of  donor's  cells  with  recipient's  serum. 

Another  čase:  no  hemolvsis  in  first  transfusion.  Second  transfusion  5 
day8  later,  with  same  donor.  Xo  hemolvsis  test  done.  IIemolysis  showed  at 
transfusion,  however,  and  test  then  made  8howed  hemolysis  of  donor^s  cells 
with  recipient's  serum. 

Another  čase :  laboratorv  report  negative ;  yet  hemolysis  occurred  at  trans- 
fusion ;  no  opportunitv  to  check  up  laboratory  report ;  ali  3  cases  recovered. 

AGGLUTINATION. — Agglutination  of  red  cells  is  apparently  less  to  be 
feared  than  hemolvsis;  but  Lilienthal  emphasizes  the  importance  of  making 
the  test  beforehand.  Warren  mentions  a  čase  of  pernicious  anemia  in  which 
he  failed  in  an  attempt  at  transfusion  by  the  Lindeman  method  on  account  of 
the  small  size  of  vein  in  the  arm.    Two  davs  later  Lindeman  himself  suoces8faIIy 
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trauafuseil  tliia  cuee  througb  the  exteriial  jugiilar.  The  paticiit  died  witbiu  43 
bours.  Jn  tliis  caso  thcre  wu8  a  very  sHght  posHivo  agglutination  reaction 
obtaiuGtl  befureLitiiJ,  altbmigli  the  heniol_yai3  test  wa3  negative. 

ACUTE  DILATATION  OF  THE  HEART. — Aciite  dilatation  of  tho  heart  dur- 
ing  trgnsfusioa  is  another  rare  aceident.  Crile  luentions  soveral  instances  in 
hia  book,  none  of  which  were  fatal.  It  bas  been  diiHcult  to  find  any  positive 
evidence  of  fatal  cascs.  Lilienthal  and  Peck  had  not  observed  tbe  aceident  in 
tbeir  practice.  EUberg  mentiona  one  čase  who  died  sbortly  after  the  trans- 
fuaion  by  tbe  direct  artery-to-vein  inethoil.  Hc  believes  tbat  they  gave  her  too 
much  blood.    Shc  was  a  woman  siiffering  from  malignant  endocarditis. 

AIB  EMBOLlBM. — 1  have  been  unable  to  diacover  any  deatbs  tbougbt  to  be 
re£erable  to  tbe  entrance  of  air  into  the  veins  at  transfusion.  Tbeoreticallj 
one  wonld  expect  it  to  be  a  fairlv  cominon  aceident  in  tho  syringe  elasa  of 
operationa.  But,  aa  a  matter  of  fact,  it  is  highlv  probable  tbat  amall  amounts 
of  air,  9o  introduccd,  do  not  give  rise  to  untoward  sraiptoins. 

BLOOD  EMBOLISM. — No  positive  evidence  is  obtainable  of  auv  fatalitie« 
due  to  tliia  cauee  following  transfusion,  but  Warren  speaks  of  one  caae  of  per- 
nicioua  anemia  tbat  died  of  pnenraonia  within  a  week  folIowing  transfusion  by 
tbe  Lindeiiian  metbod.  Warren  tbougbt  tbe  pneumonia  migbt  be  attnbutablo 
to  pu]monar_y  infarction. 

ALTERATION  OF  THE  GASEOUS  TEN8ION  OF  THE  BLOOD. ~ Alterati on  of 
the  gaseous  teuaion  of  tbe  blood  duo  to  snction,  and  laking  of  the  red  oells 
^vith  aetting  free  of  tosic  subatanccs,  from  contact  witli  a_vringe  or  cannula 
wal]a,  have  been  mentioned  bv  Warren  and  Connell  as  posaible  dangers  in  thoae 
metbods  tbat  use  ajringe  suction  and  einploy  no  paraffin  to  line  the  cannula. 
No  defioite  evidence  ia  obtainable  of  the  reality  of  such  dangera. 


Intraveuoua  injection   for  pnrpoaes 
scribed  in  tbe  ehapter  on  Anestheaia. 


In TRAV EN ona  Injection 

locul  or  general   aueathesia   is  de- 


Venesection 

Venesection  is  an  operation  little  used  at  present  escept  when  it  ia  deaired 
rapidiv  to  lower  blood  presaure,  as  in  certain  cases  of  cerebral  bemorrhage, 
uremic  coma,  etc. ;  or  wherc  it  is  desired  to  remove  a  certain  amount  of  toxic 
or  deteriorated  blood  before  replacing  it  witb  health_y  blood  or  saline  solution, 
as  in  ilhiniinating  gas,  carbon  monoxid  poiaoning,  etc. 

The  vcin  aelected  ma,v  be  tbe  external  jugular,  tbe  interna!  aapbenons,  or, 
mor«  commontv.  the  median  basilir  or  cepbalic.  Tbe  latter  is  perbaps  pref- 
erable  on  acconnt  of  its  greater  diatance  from  tbe  brachial  artery  and  ita 
freedom  from  nearbv  cntaneous  nervea.  A  constrictor  ia  appHed  at  mid  arra 
tight  enough  to  distend  the  snperficial  veina.    The  skin  over  the  anterior  aur- 
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face  of  the  elbow  is  then  painted  with  iodin,  which  is  allowed  to  drv  and  then 
wa8hed  otf  with  alcohol.  The  vein  is  then  steadied  between  the  thiiinb  and  fore- 
finger  of  the  left  hand  while  a  sharp  sealpel  divides  it  transverselv,  together 
with  the  overlying  skin,  to  about  one-half  of  its  diameter.  Local  anesthesia 
may,  of  course,  be  used  if  desired.  The  flow  of  blood  may  be  inereased  by  caus- 
ing  the  patient  to  grasp  a  stick  tightly.  It  may  be  lessened  by  digital  pressnre 
o  ver  the  vein.  The  amount  of  blood  removed  usually  varies  from  8  to  16 
oimees.  \Vhen  sufficient  blood  has  been  removed  the  flow  of  blood  is  arrested 
by  removing  the  constrictor,  and  strapping  a  pledget  of  sterile  gauze  over  the 
phlebotomy  wound. 

OPEBATIONS   TO   BEMOVE   THE    OAUSE    OF    CIBOUIiATOBT   DI8TUBBAKCE 

DUE    TO    VABIC08E    VEIN8 

Binnie  says:  "The  principle  of  treatment  of  varicose  veins  is  the  trans- 
ferenee  of  the  venous  circulation  from  the  superficial  to  the  deep  veins,  but 
before  attempting  to  do  this  it  miist  be  shown  that  there  is  neither  thrombosis 
of  the  deep  veins  nor  marked  obstruction  to  the  retum  of  the  blood  through 
them. 

"Mayo,  in  doubtful  eases,  applies  an  elastic  support  to  the  limb  f or  a  week ; 
if  this  gives  eomfort  it  is  fairly  evident  that  the  deep  vessels  are  capable  of 
doing  their  duty." 

Methods  of  Treatment 

The  methods  usiially  described  are:  injection,  ligation,  exci8ion,  incision, 
suture. 

The  treatment  of  varicose  veins  by  injection,  acupressure,  and  eubcutane- 
oiis  ligation  is  antiqiiated,  and  should  not  be  employed.  Incision,  exci8ion, 
and  suture  are  the  methods  commonest  at  present. 

Treatment  by  Ezcision. — Excision  is  the  method  most  in  use.  The  dilated 
veins  are  marked  upon  the  skin,  while  the  patient  is  in  the  standing  position, 
with  tr.  iodin,  silver  nitrate,  or  some  other  stain ;  or  scratches  are  made  in  the 
skin  over  them  with  a  sharp  sealpel.  At  the  same  time  a  test  is  made  as  to  the 
free  communication  of  the  varices  with  the  deeper  veins.  With  the  patient 
recumbent,  the  surgeon  places  his  finger  upon  the  saphenous  vein  just  below 
its  entrance  into  the  femoral  and  causcs  the  patient  to  stand  up.  If,  while  the 
varices  are  thus  relieved  of  the  weight  of  the  superimposed  blood,  they  stili 
dilate  from  below  the  Trendelenburg  operation  alone  is  useless.  It  may,  how- 
ever,  be  used  in  addition  to  the  excision  in  continuity. 

After  a  vorv  careful  preparation  of  the  operative  field  an  incision  is 
marked  over  the  dilated  vein.  If  the  vein  is  broadly  adherent  to  the  skin  it  is 
often  easier  to  excise  a  portion  of  the  latter  with  it.  Otherwise,  the  incision 
is  deepened  carefully  just  through  the  skin  and  flaps  are  raised  on  each  side 
of  the  incision  by  thrusting  blunt  scissors  beneath  the  skin  and  forcing  the 
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blades  apart.  This,  added  to  a  little  aecessarj  aharp  disaection,  will  espose  a 
considerable  area  of  \-ein  wbich  ia  ligated  togetlier  witli  its  tribtitaries,  above 
and  below,  and  escised  for  a  distance  of  aeveral  iiieheB.  Ali  bleediiig  is  then, 
stopped,  tho  wound  carefu]ly  eleanaed,  and  ita  edges  iiuited  with  fine  silk,  con- 
tiniioua  suture;  or,  perbaps  better,  by  mterrupted  Buturos  altemating  with 
narrow  strips  of  sterile  adhesive.  This  procedure  niav  be  repeated  until  tbe 
continiiitj  of  the  dilated  vcnoua  cliannei  has  been  internipted  at  ;i  or  i  levels. 
Sometimes  the  dilated  trimk  vein  and  its  tribiitaries  arrange  themselvea  in  s 
sort  of  nest  or  plexii3  2  or  3  inchcs  in  diametcr,  especiall.v  jtist  below  tho  knoe, 
in  front,  intornal,  or  behind.  It  ia  moro  aatisfactorj  in  such  caaes  to  excise  a 
considerable  area  of  skin,  together  with  the  whole  masa  of  dilated  tortuoua 
veins  and  their  surrounding  fat,  right  down  to  tbe  deep  fascia.  The  defcct 
mav  then  be  elosed  by  loosening  superfieial  fascia  arouiid  the  edges  of  the 
woiind  from  the  deep  fascia  and  draH-ing  the  wound  edges  together  with  sev- 
era! deep  tension  sntiires  of  ailk-worm  giit.  l*roper  eoaptation  of  the  margina 
tben  follovrs,  with  ailk,  as  before.  Better  approximation  ia  secured  in  this 
■way,  and  the  tendency  of  tbin,  extenaive  flaps  to  slough  is  avoided. 

Dry  dressinga  are  applied,  the  limb  is  elevated  and  closely  bandaged  from 
toes  to  groin.  A  we!l-padded  pobterior  splint  of  wood,  or  a  more  corafortable 
one  of  mouldetl  plaster,  is  then  added,  and  the  patifnt  kept  in  bed  for  at  leaat 
ten  dayfl,  or  preferably  two  weeks,  as  the  experience  of  the  Mayo  Clinic  haa 
Bhown  that  practically  ali  the  casea  of  emboliam  complicatiug  this  operation 
have  oecurred  witbin  14  davs  after  operation.  If  the  varicositica  have  been 
extensive  the  patient  ahoidd  be  recommended  to  wear  a  woven  bandage  of  the 
"Ideal"  typo  or  a  vell-fitting  elastic  stocking  for  a  few  weeks  after  the  opera- 
tion. 

If  the  varicosities  are  tbe  residt  of  weight  pressuro  from  the  auperimposed 
coluinn  of  blood,  tlie  veina  do  not  distend  when  tlie  limb  is  allowed  to  bang 
down  wbile  pressure  la  made  iipon  the  npper  part  of  tbe  aapbenous  vein  by  the 
examiiier'8  finger,  wbicb  has  been  previous]y  placed  there  with  the  limb  in 
tbe  horizontal  position. 

TBENDELENBUBCS  OPERATION.— In  9uch  casoa  Trendelenburg'8  opera- 
tion may  be  Biifficient.  It  consista  of  tbe  exci3ion,  between  ligatures,  of  fin 
in^  or  two  of  tbe  saphenous  vein  at  the  upper  part  of  tbe  thigh.  A  rubber 
eonrtrictor  placed  aronnd  tbe  limb  near  the  groin  mav  be  usod  to  dilate  the 
vein  and  make  its  localization  eaaier,  and  in  fat  patients  a  transverse  inci»ion 
may  discover  the  vein  more  rGadi!y  tban  a  longitudinal  one. 

MAyO"8  OPEKATiON. — Mayo  dovised  a  dissector  with  accorapanying  for- 
cepe  to  facilitnte  tlie  esciaion  of  tbe  varieose  vein  through  small  skin  inciaiona. 
It  is  exeeedingly  cffieient  if  the  vein  is  tbick-wa!led  and  not  too  tortuoua,  but 
■8  Bpt  to  tear  thin-walled,  tortuoua  veaaels.  It  is  uaed  as  follow3:  espose  and 
isulale  about  1  incb  of  the  saphenous  vein  near  the  anphenona  opening,  Divide 
it  botween  double  ligatures  and  thread  tbe  distiii  eiid  through  tbe  eye  of  tbe 
probe  diasGctor  (Fig.  80a)  and  pnt  an  artcry  clanip  on  it.     Hold  tbe  clamp 
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in  one  hand  aud  push  the  dissector  dowDward  bcneath  the  skin,  gutded  by  the 
Tein,  to  a  point  near  the  knee.  It  may  be  advantageous  to  bave  an  asaiatant 
press  the  skin  upward  againat  the  advancing  dissector.  If  its  progress  is  ob- 
Btntcted  by  adhesions  around  the  vein  pass  the  adhesion  forceps  (Fig.  80b) 
over  the  vein  down  to  the  point  of  obstniction.  Tear  the  adhesions  by  gently 
opening  the  blades  of  the  forceps  and  then  proceed  viith.  the  dissection.  When 
the  eye  of  the  diasector  has  reached  a  point  near  the  knee  make  a  small  in- 
cision  over  it,  push  it  out  throiigh  the  skin,  clamp  the  vein,  and  withdraw  the 
diasector.     Rethread  the  vein  in  the  dissector,  reintrodnce  the  latter  throu^ 


the  lower  incision,  and  contimie  the  dissection  downward.  Ttemove  as  manv 
other  veins  as  is  deeraed  necessarj  in  a  siniilar  way.  Binnie  calls  special 
attention  to  the  advi3ability  of  niaking  the  dissection  from  above  downward 
to  avoid  the  danger  of  detaching  thrombi  and  aetting  them  free  in  the  circnla- 
tion,  The  bleeding  from  the  tributaries  that  are  tom  off  can  readily  be  stopped 
by  presBure  with  gaiize  pada.  The  wound8  are  closcd  by  suture;  dry  dressisgs 
are  applied  and  a  snug  bandage,  applied  from  below  upward  (toea  to  groin), 
with  a  posterior  splint,  is  added. 

BXCI8I0N  BT  iNVEESlon. — iiamoiirian  elovatca  the  lirab,  eiposes  and  di- 
vides  the  intcmal  saphenons  vein  near  the  saphenous  opening,  Hgates  the 
proximal  end,  and  ciamps  the  distal.  Traction  on  the  clanip  indicates  the 
position  of  the  vein  near  the  knee,  and  it  is  expoged  and  divided  again  throiigh 
a  small  incision  at  tliis  point.  The  distal  end  is  cianiped  and  a  long  probe  is 
passed,  eve  first,  into  the  proximul  end  npward  and  out  of  the  upper  incisJon. 
The  tippor  end  of  the  vein  segment  is  fastened  to  it  by  a  sJIk  snture  that 
penetriites  tlie  vein  wftll  throngli  and  throngh  and  is  tied  throiigh  the  end  of 
the  probe.     Strong  traction  on  the  lowor  end  of  the  probe  extracts  the  se^pnent 
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of  vein,  tuming  it  outside  in.  Mamourian  sajs  a  gum  elastic  catheter  may  be 
used  instead  of  a  probe,  if  the  veins  are  very  tortuous.  This  method  is  not 
applicable  to  general  or  cirsoid  varicosities. 

BABCOCK'S  OPERATION. — Babcock  devised  a  long,  pliable  probe  with  a 
small  olivarj  tip  at  one  end  and  a  larger  oval  tip  at  the  other,  cupped  nnder- 
neath  so  as  to  cateh  the  cut  end  of  the  vein.  It  is  used 
as  follows:  expose  and  isolate  about  1  inch  of  vein  at 
the  upper  end  of  the  segment  who8e  removal  is  intended. 
Grasping  it  in  a  hemostat,  make  a  small  incision  into 
the  wall  and  introdiice  the  small  end  of  the  probe.  Pass 
it  downward  within  the  vein,  as  far  as  possible,  and  tie 
the  upper  end  of  the  segment  tightly  around  it  just 
below  the  large  end.  Cut  the  vein  betweon  this  and  the 
hemostat  and  replace  the  latter  by  a  ligature.  Make  a 
small  incision  through  the  skin,  fascia,  and  vein  wall 
upon  the  small  ends  of  the  probe.  Grasp  this  and  make 
traction  eombined  with  a  series  of  short  jerks.  The 
vein  comes  away,  pleated  in  a  small  mass  against  the 
cupped  surface  of  the  larger  tip;  hemostasis;  wound 
closed ;  dressings ;  bandage,  and  splint  as  usual. 

FOSTEB'S  METHOD. — Foster  in  a  similar  wray  ušes  2 
feet  of  No.  4  copper  wire,  bent  at  one  end  into  a  loop, 
or  neck,  around  which  the  cut  end  of  the  vein  to  be 
stripped  out  is  tied. 

Treatment  bj  Incision — circulab  incision. — 
Schede  has  advocated  a  complete  circular  incision 
dividing  aH  tissues  down  to  the  deep  fascia  in  the  upper 
third  of  the  leg,  double  ligating  each  vein  as  it  is  cut. 
Von  Wenzel  adds  a  second  similar  circular  incision  at 
the  junction  of  the  lower  and  middle  third  of  the  thigh. 

SPIRAL  INCISION. — Reindfleisch  and  Friedel  divide  the  internal  saphenoua 
vein  between  ligatures  high  up  in  the  thigh ;  mark  a  spiral  with  5  to  8  tums 
around  the  leg ;  deepen  this  by  incision  to  the  deep  fascia,  catching  and  ligating 
the  divided  vessels;  pack  the  wound  to  hold  the  edges  of  the  spiral  apart  and 
force  it  to  heal  by  granulation  and  epidermization.  This  leaves  a  deep  spiral 
putter  in  the  leg  (Fig.  81).  Where  ulcers  exi8t  they  include  them,  between 
tums  of  the  spiral,  joining  theae  by  vertical  incisions  on  each  side  of  the 
iilcer. 

Kavser  reported  18  cases  done  bv  thin  method,  aH  of  the  nioat  severe  type. 
He  declared  that  the  size  of  the  leg  diminished  and  remained  smaller,  existing 
ulcers  were  healed,  there  were  no  aensorv  disturbances  of  the  skin,  and  his 
patients  were  well  satisfied  with  the  results.  TTe  makes  6  to  12  spiral  tums 
according  to  extent  of  varicosities,  beginning  on  dorsum  of  foot,  with  3  parallel 
incisions  on  dorsum,  which,  he  says,  prevents  edema ;  and  if  ulcers  are  large  ho 
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(luiTies  tlif  iiH-iMioiis  tlirougli  tliem.    Tle  keepa  tlie  patieiit  iii  bed  4  weeka  after 
operation. 

Geinitz,  reporting  the  late  resulta  of  this  operation  performed  for  varices 
at  Garre'8  Clinic,  saja  thej  are  8urprisingly  good.  The  ulcer  onIy  recurred  in 
one  čase.  He  recomrnends  it  bighly  for  diffuse  varices  and  caaea  wliere 
simpler  methods  havo  failed. 

Treatment  by  Sutn«. — ^DELBET'8  OPEBAtion,— Delbet,  in  1906,  su^ested 
and  carried  out  by  suture  a  re-implantation  o£  the  saphenous  rein  iuto  the 
femoral  10  or  12  cm.  below  its  original 
entrance.  His  object  was  to  ciire  varices 
by  rclieving  thcin  of  the  weight  of  the 
aiiperiinpoaed  blood  eohitnii  through  the 
intcrposition  of  one  or  more  aets  of  com- 
petent  valves.  lle  reported  8  cascs,  and 
Ileaee  and  Schaack  collected  48  cases  in 
ali.  There  wa5  1  death  ont  of  Kesse  and 
>Scbaack'3  23  own  cases,  and  thcy  called 
the  othcr  22  cured. 

HE88E  AND  SCHAACK  '8  OPEBATION. 
— Hesse  and  Schaack  opcrated  aa  fol- 
lowa:  Au  incision  12  to  15  cm,  long  waa 
made  through  skin  and  superficial  fascia 
at  Scarpa'9  triangle  in  the  dircction  of 
the  internal  aaplienouB.  Thia  vein  wa3 
iaolated,  and  ali  biit  the  largeat  branches 
wcre  ligated,  They  then  exposed  and 
freed  the  femoral  vein  for  a  snfficient  dia- 
tance,  ligated  the  saplienous  at  its  en- 
trance into  the  femoral  vcin,  piit  a  tem- 
porary  hemoatat  on  it  a  little  below,  and 
divided  the  vein  between  ligatiire  and 
serrefine.  They  then  reimplanted  the 
distal  cut  end  of  the  saphenous  iuto  the 
femoral  vein  at  least  10  cm.  distal  to  its  original  entrance,  nsiug  a  traction 
Huture  at  tlie  uppcr  and  lower  enda  of  tho  anastomosia,  and  then  complcting  it 
by  a  continuoua  suture  (Fig.  2).  After  operation  no  imniediate  improvement 
wae  apparent,  but  aoon  the  Trendelenburg'8  svmptom  disappeared.  In  21  of 
the  23  caaea  the  patency  of  the  anastoinoais  »as  eatablished. 

JEDER 'S  METHOD. — ^.leger  suggesta  the  adviaabilitv  of  uiinimi/iug  the  dan- 
ger  of  thrombosia  by  employing  for  the  anaatonioala  hia  own  mcthod  of  eiid-to- 
aide  implantation  of  veina  which  approximates  the  endothelial  anrfaeea  very 
exactly. 

COENEN'S  METHOD.— Coenen  originated  au  openitiim  similiir  to  T>elhet's 
for  relief  of  varices  of  the  extemal  saphenous.  He  ligated  aud  dividrd  the  upper 
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part  of  the  small  saphenous  and  united  its  (listal  end  by  circular  suture  to  the 
c^entral  end  of  the  ligated  and  divided  posterior  tibial.  His  end  results  are  not 
a^vailable,  but  he  saw  the  tibial  vein  fill  with  blood  from  below  upward,  indi- 
c^ating  that  he  had  accomplished  his  object  of  affording  another  exit  for  the 
blood  in  the  saphenous  sjstem. 

K ATZENSTEIN 'S  METHOD. — Katzenstein,  reasoning  that  the  varieosities  of 
't;lie  saphenous  systeni  are  due  to  lack  of  muscular  support,  originated  a  pro- 
csedure  in  which  he  frees  the  internal  saphenous  as  widely  as  possible,  lays  it 
on  the  sartorious  muscle,  and  builds  a  muscular  canal  for  it  by  suturing  the 
latter  around  it.    His  results  are  said  to  be  good. 

Choice  of  Method 

The  choice  of  method  depends  largely  upon  the  extent  and  type  of  the 

^raricosities.     Subcutaneous  removal  by  Mayo's  dissector,  Babcock^s  probe,  or 

t;he  inversion  method  of  Mamourian  works  very  wcll  if  the  veins  are  thick- 

'walled  and  not  very  tortuous  and  adherent.     But  thin-vvallod  veins,  tortuous 

&nd  adherent,  are  best  removed  by  open  excision.     Whcre  the  skin  is  thinned 

out  and  the  subcutaneous  fat  that  normally  lies  between  it  and  the  vein  has 

l)een  replaced  by  fibrous  tissue  resulting  from  chronic  periphlebitis  it  is  more 

aatisfactory  to  remove  the  skin  and  veins  en  massc  down  to  the  deep  fascia, 

freeing  the  flaps  sufficiently  to  bring  them  together  without  tension.     The 

high  ligation  in  the  thigh  may  properly  be  added  to  any  of  these  procedures 

where  Trendelenburg^s  symptom  is  present;  and,  in  niild  cases,  it  alone  may  be 

sufficient.     The  reimplantation  of  the  saphenous  is  suitable  onlv  for  cases  ex- 

hibiting  Trendelenburg's  symptom ;  and,  inasmuch  as  the  other  simpler  opera- 

tions  are  safer  and  more  satisfactory  in  almost  ali  cases,  if  properly  and  thor- 

oughly  carried  out,  the  saphenofemoral  anastomosis  by  suture  seems  hardly 

justifiable.    It  has  been  practiced  little,  if  at  ali,  in  this  country.    The  circular 

incisions  of  Schede  and  Von  Wenzel  do  not  appeal  to  me  as  being  much  more 

rational  than  the  wearing  of  one  or  two  tight,  circular  garters;  but  the  com- 

plete  spiral  of  Kindfleisch  and  Friedel  has  given  good   results  in  properly 

selected  cases,  and  should  be  reserved  for  those  where  there  are  extensive 

varieosities  with  marked  periphlebitis,  varicose  ulcers,  and  edema. 

The  operation  of  excision  is  simple  but  tedious  and,  with  the  exception  bf 
the  suture  anastomosis,  ali  the  other  methods  aro  easily  performed.  The  only 
dangers  that  are  to  be  feared  are  infection,  vsrhich,  of  course,  is  more  liable  to 
occur  in  ill-nourished  tissue,  such  as  that  in  the  varicotic  area ;  and  embolism, 
which  is  fortunately  very  rare.  A  certain  amount  of  necrosis  of  the  edge  of 
the  wound  margins  is  not  infrequently  seen,  due  probablv  to  the  destruction  of 
their  blood  supply  in  undermining  them. 

Goerlich  reported  2  cases  of  pulmonary  embolism  in  147  operations  done 
by  Trendelenburg^s  method,  and  collected  in  ali  8  cases,  following  various 
operations  for  varicose  veins. 
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Wilson  8ay8  that  (1)  from  1  to  2  per  cent.  of  ali  cases  of  blood  vessel  opera- 
tions  give  more  or  less  distinct  clinical  evidence  of  emboli,  over  70  per  cent.  of 
which  are  pulmonarj ;  (2)  probably  about  10  per  cent.  of  cases  of  postoperative 
emboli  are  fatal ;  ( »3)  autopsj  shows  about  80  per  cent.  of  these  emboli  to  rise 
from  venous  thrombosis;  (4)  in  over  12  vears  at  St.  Mary's  Ilospital  onlv  1 
fatal  čase  of  embolism  followed  phlebectomy  of  varicose  veins  of  1^;  (5)  in 
1,372  operations  on  blood  vessels  during  the  same  period  there  were  only  2 
deaths  from  embolism.     One  of  these  wa8  cerebral,  the  other  pulmonarj. 

Results  of  Treatment 

Matas  quotes  Goerlich,  who  wrote  that  in  1,425  cases  reported  by  42 
operators  he  found  65  per  cent.  to  85  per  cent.  of  cures  after  ligation  of  the 
intemal  saphenous. 

Miller  reports  79  per  cent.  of  cures  by  Trendelenburg^s  operation  in  41 
cases  at  Halsted^s  Clinic. 

Perthes  reported  78  per  cent.  of  cures  by  Trendelenburg'8  operation  in 
Trendelenburg'8  Clinic. 

The  Schede  operation  in  Johns  Ilopkins  C/linic  ga  ve  3*3  per  cent.  of  cures 
in  19  cases. 

*'Relapse,"  say8  Matas,  *^is  more  likely  to  follow  the  single  linear  divisiou 
of  veins  tlian  the  more  thorough  extirpation."  Nevertheless,  the  secondarv 
dilatation  of  small  superficial  tributaries  of  the  extirpated  veins,  the  re- 
establishment  of  direct  end-to-end  communication  through  the  scar,  especiallv 
after  ligation,  and  the  regeneration  of  veins  will  cause  a  certain  percentage  of 
rclapses  even  after  extensive  resection  of  veins. 

Jeannel  is  quoted  by  Binnie  as  taking  the  high  conception  of  "cured"  to 
mean  the  restoration  to  the  patient  of  a  '^health}',  vigorous,  painless  limb."  He 
says  that  out  of  697  limbs  operated  on  by  (1)  Trendelenburg^s  operation,  or 
its  variants,  56  per  cent.  were  cured;  (2)  out  of  23  limbs  in  which  was  done 
resection  of  the  whole  femoral  part  of  the  intemal  saphenous,  52  per  cent.  were 
cured;  (3)  in  70  limbs  excision  of  isolated  varices  cured  74  per  cent.;  (4) 
resection  of  ali  or  most  of  either  the  intemal  or  the  external  saphenous  (but 
not  both)  cured  46  per  cent.  of  57  limbs;  (5)  Trendelenburg'8  (or  variants") 
plus  multiple  resection  and  ligation  cured  60  per  cent.  of  95  limbs;  and  (6) 
complete  saphenectomv  cured  95  per  cent.  of  77  limbs. 

OPERATIONS    TO    PBEVENT    EMBOLIO   INFEOTION 

It  should  be  well  undorstood  that  venous  thrombi  are  potentiallv  far  more 
dangerous  than  thosc  in  arteries.  The  latter,  if  we  except  the  pulmonarv 
arterv,  can,  at  worst.  lead  immediatelv  onlv  to  the  destruetion  of  the  part  sup- 
plied  bv  its  brauehes;  while  venous  thrombi,  bv  fragmentation,  may  cause 
instant  deatli  throusrh  (»mboliam  of  cerebral  vessels.     Moreover,  they  mav,  if 


infeeted,  give  rise  to  pyeniic  abscesses  from  septic  eiiilHili  in  thc  most  distantfl 
parts  anJ  tissiieH,  or  furnish  the  bases  of  an  infective  endocarditia. 

For  theae  reasone  eoiiaiderable  nttentioti  haa  lately  \)een  given  to  the  op*! 
erative  treatmeiit  of  infective  phlebitia.     Ligation  »lul  exci9ioii  of  the  intemal 
jiigtilar  to  prevent  disacmination  of  infection  in  cases  of  siginoid  sinus  throni- 
bosis  is  a  wel[  establiahcd  procediire ;  while  siniilar  treatment  of  the  ovarian  and 
uterine  veins,  in  casos  of  pelvic  thrombosia  of  septic  origin,  haa  rpcently  been    ^^ 
rcported  by  Jellett.     Moreovpr,  Keiihof  haa  (ione  some  experimenta]  work  ui'^^| 
testiiig  the  prai:;ticability  of  ligation  of  thc  portal  vcin  with  a  vievv  to  its  applicft*^^! 
tion  in  the  treatment  of  suppurative  pvlcphlebitis.  ^H 

^\'hatever  its  sitiiatioii,  the  principle  in  the  operative  treatnient  of  infective 
thrombophlebitis  ia  the  aame:  to  ligate  the  vein  on  the  cardiac  aide  of  the 
diseased  procesa,  and  evacuate  the  clot,  or  to  ligate  it  both  centrallj  and  dis-  | 

tally  and  escise  tbo  aegment  bctvvcen.  Binnie  tpiotes  Trendelenburg  as  record-  ^^M 
ing  a  caae  of  "general,  chronic  piiorperal  infection  which  recovered  after  Hga*^^| 
tion  of  the  intiamed  and  throrabosed  right  intemal  iliac  and  spprraatic  veins."    ^^ 

Faix  montions  20  cases  reported  oporated  for  pelvic  ibroniliosis  frora  the 
clinics  of  Freund,  Trendelenburg,  Michel,  Bumni,  Hackel,  Opitz,  and  Fried- 
man.  of  wliieh  7  recovered — a  65  per  cent.  mortality.  Bunim  piita  the  mor- 
tality  of  non-operated  casea  at  85  per  cent.  Bremmer  reporta  33  cases 
for  mesenteric  thrombosia  with  5  recoverios — -85  per  cent.  mortaIity. 
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OPERATIONS    TO    CHEOK    BLEEDINO 


Local  Coagnlants. — 1-ocal  coagulanta  muv  somctimes  bo  used  with  advan- 
tage  to  check  capillarv  oozing.  Of  theae  tho  most  commonlv  used  at  present 
are  hot  vvater.  hjdrogen  peroxid,  and  adrenalin.  Gelatin  ia  excellent  alao,  but 
not  so  aimplo  to  prcparc  and  nse. 

ADRENALIN. — Adrenalin  ia  naed  as  a  aoliition  in  the  strength  of  1:1,000 
applied  ou  a  gaiizo  or  eotton  sponge,  or  apraved  from  an  atomizer.  It  is  par- 
ticularlv  nsefiil  in  capillarv  bleeding  from  the  mucous  membrane  of  ear,  nose^ 
and  throat,  or  abraded  skin  surface. 

HTDHOOEN  PEEOXrD. — Hvdrogen  peroxid  is  nsrful  in  oozing  of  large 
woiind  siirfaccs  upon  vvbidi  it  may  be  poured  or  applied  by  spongea. 

HOT  WATER. — Ifot  wat.er  should  be  naed  at  a  temperature  not  over  140.  It 
mny  be  sponged  or  ponrcd  on  thc  oozing  surface. 

OELAT IN.— Gelatin  io  5  per  cent,  or  10  per  cent.  sohition,  dissolvcd  in 
nonnal  salino  heated  from  40°  to  60°  C,  is  applied  to  the  bleeding  snrface,  or 
paeked  into  the  wonnd  on  a  satiiratcd  panze  compress.  The  poasibilitv  of 
tctannn  infoction  from  tbis  sonrce  neoessitates  the  previoua  perfect  st^riliza- 
tion  of  the  gelatin.  Etjnal  parts  of  tnnnin  and  antipvrin  in  a  ganze  sacbet  havo 
been  recommended  by  Park  as  a  local  hemoatatic  in  bleeding  uleors  of  malig- 


1 
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nant  neoplasms.  Matas  advises  gaiize  compresses  wning  out  of  a  5  per  cenit. 
solution  of  antipyi:in  to  cover  oozing  surfaces  or  pack  cavities,  and  sachets  of 
compound  alum  powder  (Squibb's  surgical  powder)  to  pack  bleeding  cavities. 
Combined  with  any  of  these  local  coagiilants,  calcium  chlorid,  1  to  2  grains  iii 
a  neutral  solution  of  1 :  20  strength  injected  deeply  into  the  tissues,  and  in  -S- 
grain  doses  by  mouth  or  rectum,  will  materially  aid  in  reducing  coagulatio^ 
tirne  of  blood. 

Gelatin,  in  the  form  of  Gamot's  solution,  is  said  to  have  the  same  eflFecr^ 
when  injected  intravenously  (100  to  200  c.  c.  daily  at  37°  C),  and  thyroic;^ 
extract,  taken  intemally,  has  been  recommended  for  the  same  purpose  by^^ 
Tavlor. 

Facking. — Packing  with  sterile  gauze  is  undoubtedly  one  of  the  most  efiB- 
cient  means  employed  to  check  oozing  f  rom  the  walls  of  a  wound  or  cavity.  It 
should  not  be  too  tight,  and  should  be  soaked  with  peroxid  or  sterile  saline 
before  being  removed  on  the  seeond  or  third  day.  The  actual  cautery,  heated 
by  burning  benzin,  or  by  electricity,  is  a  most  efficient  agent  in  controlling 
capillary  hemorrhage.  The  object  of  cauterization  is  to  produce  a  bumed 
crust  sufficientlv  strong  to  withstand  the  pressure  of  the  blood,  and  for  this 
purpose  it  should  be  used  at  a  cherry  red,  not  white,  hcat,  in  order  to  cook  the 
tissue  8lowly  and  thoroughly,  rather  than  reduce  it  to  an  ash.  This  crust  must 
not  be  disturbed  until  the  vessels  beneath  it  have  filled  up  with  clot,  or  bleed- 
ing will  recommence. 

Ligation  en  Masse. — Ligation  en  masse  may  be  practiced  as  described  in 
ligation  of  arteries  en  viasse.  This  for  the  purpose  of  checking  capillary  ooz- 
ing in  parenchyina  of  organs  such  as  liver,  spleen,  and  kidney. 

OPEBATIONS    TO    OBUTERATE    THE    VASGULAB    OHANNELS    IN    SBCALL 

ANGIOMATA    AND    NEVI 

£xcision. — Excision  of  small  nevi  is  easy,  the  flaps  of  the  wound  being 
readily  brought  together  with  sutures.  Larger  nevi,  when  excised,  may  leave 
an  area  denuded  that  has  to  be  covered  by  a  plastic  operation,  or  by  skin  graft. 
The  incision  should  pass  only  through  healthy  tissue,  and  hemostasis  must  be 
carefullv  attended  to. 

Freezing. — Freezing  is  the  treatment  par  excellen^e  for  ordinary  nevi. 
The  freezing  mav  be  done  by  liquid  air  or  by  carbon  dioxid  snow.  The  latter 
is  easier  to  obtain.  If  liquid  air  is  to  be  used  make  a  firm  pad  of  cotton  on  a 
small  stick.  I)ip  the  pad  into  the  liquid  air.  Shake  off  any  loose  drops  of  the 
liquid.  Press  the  charged  pad  with  moderate  firmness  on  the  nevus  for  a  few 
seconds.  Repeat  the  process  in  every  part  of  the  lesion.  Apply  no  dressings. 
Ali  scabs  nuist  be  removed  prior  to  the  treatment,  and  if  any  raw  surfaces  are 
present  they  must  bc  covered  with  thin  gauze,  otherwise  the  applicator  would 
freeze  to  tliem. 

If  carbon  dioxid  is  to  be  used,  a  cylinder  of  the  liquid  is  obtained,  a  paper 
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cone  coDStmcted  and  beld  in  front  o£  the  outlet  while  the  valve  is  sUghtlj 
opened.  The  liq»id  condenses  imniediately  into  9now,  which  is  deposited  into 
the  comucopia,  making  a  cone-shaped  masa  of  snov.  It  may  be  whittled  to  a 
eharp  potnt  and  held  in  a  thiek  layer  of  paper  with  the  point  protruding. 


I~1IK1RI1  ANOIOMATA. 

Tnis  should  be  pressed  firmlj  againat  the  growth  in  several  places  for  a  few 
■^conda  at  a  time.  No  anestliesia  or  dresaings  are  neceasarj.  With  liquid  aip 
**^  carbon  dioxid  the  treatmont,  mav  have  to  be  repeated  several  times.  Too 
lokig   application  niay  caiise  eirtenaive  sloughing. 

Ij^tion,^ — Angiomata  of  the  acaip  mav  be  surroimded  by  a  chain  of  sub- 
^^tarieoiis  ligatnres  {using  full-cnrved  needle  for  advaiice  and  quarter-curved 
^*^T-  return  part  of  stiteh),  which  cure  bv  cutting  off  the  blood  9iipply  in  the 
"*aiii  veesel  (Fig.  8.3),  or  a  purse-string 
"^"tiire  with  4  loopa  mav  be  used  to  strangu- 
late  the  gTowth  (Fig.  k). 

Xnjeotion, — Injection    nf    aatringenta, 

*&Hterization,    and   scarification,   methods 

*-*'~*iierly  miioh  in  nse,  are  not  approved 

the    preselit    time.      Acupnnctiiro,    or 

*^^«lliiig  of  the  ne^^l3,  is  a  niethod  stili 

^'"'^asionallj  used.     It  is  painfTil  and  gives 

^>S4>   ffy  J  certain  amount  of  acarring.  but 

•*    >8  efticient.    The  needle  ia  heated  to  red- 

°^^a    bj  electricitv.     It  ahonld  be  intro- 

,  ^'*^*d  alovvlv  and  cantioiisl.v  to  avoid  bend- 

"**?»  and  shoiild  be  removed  a]owly  to  avoid 

^»»»oprhage  on  accoimt  of  the  cooked  tia- 

"^^  Ktieking  to  the  needle  and  being  tom 

*^ay  with  it. 

Wyeth  h)i8  treated  artcrial.  venons,  and 
^pillary  angiomata  with  injectiona  of  boiling  water,  nndcr  general  aneathesia. 
*^f  {Taptllary  prowthe  he  adviaes  water  at  about  190°  F.,  throwing  in  2  to  fi 
finima  at  a  pnncture,  and  beginning  at  the  periphery  of  the  grovvth  and  work- 
"iR  toward  the  center.  A  surgical  drcaaing  ia  then  applied  and  tbe  part  kept  at 
^t.    The  injection  mav  bo  repeated  in  7  to  10  davs. 

Deiiooation.^Desiccation,  the  electric  desiocation  of  vimcular  nevi  by  high- 
frequency  currenta,  is  eaid  by  W.  L.  Clark  to  give  very  excellent  resnlts.    He 
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advises  that  the  destniction  of  the  nevi,  unless  very  large,  shoiild  be  completed 
at  one  sitting.  In  snperficial  lesions  new  skin  is  formed.  Deep  lesions  are 
replaced  by  scar  tissue  and  skin.  To  avoid  cupping,  irregularities  of  the  sur- 
face,  and  possibly  keloid  formation,  čare  must  be  taken  to  dcstroy  the  tissue 
perfeetly  evenlv,  and  not  too  deeply.  The  desiccation  action  is  apparently  a 
rapid  dehydration  of  the  tissue,  rupturing  the  celi  capsule  and  converting  the 
treated  area  into  a  dry  mass.  Penetration  of  the  tissue  is  said  to  be  from  a 
sniall  fraction  of  an  inch  to  1  inch  or  more,  depending  upon  frequency,  dis- 
tance  of  electrode  from  body,  tirne  of  exposure,  and  density  of  tissue.  It  de- 
8troy8  tissue  without  opening  blood  or  lymph  channels  and  acts  as  a  styptic 
when  there  is  oozing  of  blood.  The  dry  crust  acts  as  a  dressing  and  separates 
in  3  to  7  days  and  skin  regeneration  is  said  to  take  plače  beneath  it. 

The  treatment  is  not  very  painful  if  applied  with  the  proper  technic,  but 
local  anesthesia  may  be  needed,  or,  in  rare  cases,  general  anesthesia. 

A.  Schuyler  Clark  recommends  the  Kromayer  light  as  being  excellent  for 
"port  wine  marks." 

Chaice  of  Hethod. — The  choice  of  method  will  undoubtedly  vary  with  the 
individual  operator.  Liquid  air,  carbonic  snow,  desiccation,  etc,  ali  give  ex- 
cellent  results  in  the  majority  of  cases,  but  aH  three  require  some  experience 
for  their  proper  application.  Excision  is  far  less  usod  now  than  it  was  formerly, 
and  should  only  be  employed  in  those  cases  that  prove  refractory  to  the  less  radi- 
cal  forms  of  treatment.  Needling  is  painful,  and  hot  water  injections  are  too 
risky  to  be  recommended. 

There  is  little  danger  in  operating  upon  these  capillary  growths,  for  hemor- 
rhage  from  them  is  usually  moderate  in  amount,  and  easily  checked  by  pres- 
sure.  Oozing  may  be  obstinate,  however,  after  excision,  and  hemostasis  must 
be  carefully  attended  to  on  account  of  the  bad  effect  of  loss  of  blood  in  young 
children. 

Results  are  excellent,  cures  being  practically  alway8  possiblo,  but  not 
always  possible  without  scarring. 


OPEBATIONS   UPON   THE   LYHPHATICS 

HANDLEY'S   OPEBATION 

For  the  rc(»8tablishment  of  Ivmph  drainage;  intractablo  edema  of  the  ex- 
trcmities,  dne  to  blocking  of  lymphatics,  following  chronic  inllammation ; 
presence  of  filaria;  Le  Dantec's  "dermodoceus''  (diplodoccu?)  ;  scar  forma- 
tion after  exci8ion  of  lymph-nodes,  etc.  The  operation  consists  in  establishing 
artificial  channels  for  l\Tnph  drainage  from  the  edematous  parts  as  substitutes 
for  the  natnral  vessels  which  have  become  obstnicted. 

Beside  the  usual  diaseoting  instriiments,  several  lon^r-eved  probes  and  sev- 
eral  lengths  of  No.  12  tubular,  woven  silk  are  needed. 
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TTpper  £xtreiiiity. — (1)  Make  a  1-inch  incision  through  the  skin  in  the  mid 

line  of  front  of  forearra  immediately  above  wri8t  (a,  Fig.  85).     (2)  Introduce 

a  probe  through  it  and  pass  it  npward  and  outward  in  the  subcutaneous  areolar 

tissiie  to  the  point  b  (Fig.  85)  near  the  elbow.     In- 

eise  the  akin  over  it  thcre  and  push  the  point  of  probe 

out.     (3)  Take  a  donble  line  of  No.  12  silk  twice  as 

long  as  the  arm ;  catch  its  mid  point  with  hemostat 

and  wrap  one-half  up  in  sterile  towel,  threading  free 

end  of  other  half  through  eye  of  probe.     Puli  probe 

and  silk  with  it  out  of  incision  b  (Fig.  85).  A  double 

line  of  silk  now  lies  in  subcutaneous  tunnel  a-b  (Fig. 

85)  niade  by  probe.     (4)  Reintroduce  probe  through 

incision  b  and  bring  silk  out  through  incision  d  made 

near  insertion  of  deltoid.      (5)  Pass  a  second  probe 

through  incision  a  upward  and  inward,  and  make  it 

emerge  through  in- 
cision C.  The  half  of 
silk  line  which  was 
wrapped  in  towel  is 
now  unwrapped  and 
threaded  thmugh  the 

t  .'V'"^'**""  G.y®     o^    ^^6    probe. 

1      ^,''''  /\  \\      '*\  Puli  probe  and  silk 

out  through  incision 
c  (Fig.  85).  Re- 
move  hemostat  from 
silk  so  that  loop  be- 
comes  buried  under 
skin  at  a.  (0)  In 
same    fashion     pass 

silk  under  skin  from  c  to  d.  Reintroduce  both 
probes  through  d  and  pass  them,  under  the  skin, 
round  the  shoulder  to  emerge  through  incision  f 
at  posterior  border  of  deltoid  (Fig.  86).  (7) 
In  similar  fashion,  bury  a  double  line  of  silk 
under  skin  of  back  of  arm  along  lines  of  j,  h,  f 
(Fig.  86),  and  j,  k,  f  (Fig.  86).  There  aro 
now  8  threads  emerging  through  f.  (8)  Take  a 
long  probe,  cut  ends  of  two  of  ememing  ih»»^* 
so  that  they  are  4  ino>^ 
thread  them  into 

first,  through  incision  f  and  make  it  penetratf^ 

being  longer  than  silk,  unthreads  it^elf. 

thread  to  oceupv  its  track.    Repeat  the  man 


Fio.  85.— Handlet*b  Opbra- 

TION  FOR  LtMPHATIC  DRAIN- 

aoe:  Upper  Extreihtt,  An- 

TERIOR  VlEW. 


Fio. 


86. — Handley'8    Operation. 
Posterior  View. 
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at  f  are  buried  in  various  directions  into  subcutaneous  tissues  of  back.     (9) 
Close  ali  incisions  with  sutures. 

Handley  states  the  contra-indications  to  the  operation  (after  carcinoma  of 
breast  removal)  to  be: 

(1)  When  general  anesthetic  cannot  be  given. 

(2)  Where  threads  would  have  to  pass  through  caneerous  tissue. 

(3)  When  there  is  growth  present  about  the  shoulder,  and  pain  in  axilla, 
or  lancinating  pain  shooting  down  arm  (i.  e.  nerve  plexu8  pain). 

(4)  He  8ay8  that  benefit  is  transient  in  cases  where  secondarj  growths,  or 
pleural  effusion,  are  present. 

(5)  It  should  be  reserved  for  severer  cases  of  lympho8tasi8. 

Lower  £xtreiiiit7  (Elephantiasis,  Milroy's  Disease,  Congenital  Edema, 
ete.). — The  technic  of  the  operation  is  similar  to  that  in  iipper  extremity, 
but  its  accomplishment  is  more  difficult  on  accoimt  of  the  thickened,  irregular 
nature  of  the  skin;  and  infection  is  more  liable  to  follow  on  account  of  me- 
chanical  difficulty  of  getting  a  clear  operating  field. 

The  Face. — Mitchell  did  Handley's  operation  on  a  čase  of  solid  edema  of 
eyelid,  following  a  severe  attack  of  ervsipelas  that  had  resisted  ali  ordinary 
treatment.    The  operation  wa8  perf ormed  as  f ollows : 

By  means  of  a  small  curved  incision  in  iipper  and  lower  eyelid,  near 
mesial  part,  and  another  lateral  to  outer  canthiis,  coarse  strands  of  silk  were 
carried  beneath  the  skin  of  both  eyelids  beyond  the  outer  canthus.  From 
there  they  were  led  snbcutaneou8ly  downward,  by  means  of  an  incision  lateral 
to  the  angle  of  the  mouth,  and  finally  the  buried  ends  left  beneath  the  skin  of 
the  cheek  near  the  ramus  of  the  lower  jaw. 

Mitchell  performed  a  similar  operation  on  a  patient  with  solid  edema  of 
the  side  of  the  face  and  the  lips,  following  erysipelas,  by  burying  2  silk  threads 
with  their  upper  ends  in  the  masseteric  region  and  their  lower  ends  tucked 
into  the  loose  tissue  behind  the  clavicle.    Results  were  good  in  both  cases. 

Aflcites. — Gerrish  8ay8 :  "In  a  čase  of  atrophic  cirrhosis  with  ascites  Hand- 
ley  passed  a  stout  needle,  threaded  with  silk  such  as  he  used  in  Ivmphangio- 
plasty,  in  and  out  at  a  number  of  points  through  the  peritoneum  and  subjacent 
tissues  of  right  iliac  region,  leaving  several  series  of  short  loops  projecting 
into  the  cavity.  The  ends  of  these  threads  werc  pushed  into  the  areolar  tissue 
of  the  front  of  the  thigh,  passing  near  the  anterior  superior  spine  of  the  ilium, 
and  behind  the  inguinal  ligament.  The  immcdiate  result  was  not  sati8factory 
and  another  paracentesis  was  needed,  but  ultimately  great  benefit  ensued, 
seeming  to  justify  extensive  trial  of  the  method." 

The  operation  of  lymphangioplasty  is  simple  and  easv,  and  the  dangers 
are  relatively  slight.  Infection  occurred  in  one  of  IIandley's  cases  done  for 
lymphedema  of  the  lower  extremity ;  and  in  one  of  MitchelFs  cases  done  for 
edema  of  the  eyelid  one  line  of  silk  had  to  be  removed  on  account  of  the  "irrita- 
tion''  it  caused. 

The  results,  however,  were  good  in  almost  every  čase,  and  it  is  ungues- 


BIBLIOGRAPHY  333 

tionably  the  best  treatment  now  known  for  the  relief  of  the  painful,  intractable 
lymphedema  folIowing  operations  for  carcinoma  of  the  breast. 
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CHAPTER   IX 

-^      SPECIAL    METHOD    FOR    THE    TRANSFUSION    OF    BLOOD    WITH    THE    USB 

OF   PARAFFIN    AND   HIRUDIN 

Kansom  s.  Hookeb  and  Henbv  S.  Satteblee 

Tor  the  purpose  of  the  present  discussion  it  will  be  sufficient,  after  a  short 
^ist;orical  outline,  to  siiminarize  the  main  theoretic  principles  underlyiiig  the 
aiitiliiors'  methods  of  transfusion,  to  briefly  indicate  the  experimental  data 
^l^icih  support  these  principles  and  which  have  served  as  a  basis  for  the  devel- 
^P^^iaent  of  their  apparatus  and  technic,  and  finally  to  describe  the  practical 
pi>^x*ation  of  transfusing  blood  by  these  methods.  For  those  who  seek  general 
^^^^^rmation  on  this  and  correlated  subjects,  there  is  appended  a  classified 
.  ^■^liography  of  the  references  which  we  believe  to  be  of  most  interest  and 

^crtance. 

HI8T0BY 

The  idea  of  transfusing  fresh  human  blood  through  the  agency  of  an  inter- 

iate  receptaele,  or  carrying  system,   appears  to  have  originated  in  the 

^^^^^ds  of  several  persons  shortly  after  the  discovery  of  the  circulation  of  the 

^    ^^^od  by  Harvey.     To  Francesco  Folli,  in  1652,  is  ascribed  a  plan  of  trans- 

^^icn,  by  means  of  two  cannulas  united  either  by  a  piece  of  intestine,  or  by 

*r^?^^*^  of  an  artery  having  a  collateral  outlet  to  provide  for  the  escape  of  air 

S     -"^sse).     Chereau  quotes  Robert  des  Gabets,  a  Benedietine  monk,  as  propos- 

'^      in  1058,  the  employment  of  a  transfusion  apparatus  which  he  had  con- 

y^«ted  7  year8  previously.     The  apparatus  was  described  as  2  sil  ver  tubes 

^ed  by  a  small  leather  purse,  the  size  of  a  nut,  each  tube  provided  with  a 

.  ^■^'^e  80  that  the  leather  bag  would  serve  as  a  pump  to  propel  the  blood  from  one 

^^^■^>d  vessel  to  the  other;  it  was  also  mentioned  that  the  bag  would  serve  the 

^^^■^)08e  of  measuring  the  amount  of  blood  transfused.     There  is,  howcver,  no 

^^ord  that  this  device  wa8  ever  actually  employe(l  for  transfusion. 

The  first  authentic  account  of  the  transfusion  of  blood  through  a  foreign 

^^^ing  sy8tem  wa8  the  experiment  performed  by  Richard  Lower   (37)   of 

k        ^Xford  in  1666 ;  and,  in  the  following  year,  the  report  of  a  similar  experiment 

%       "7  Jean  Denjs  (20)  in  Pariš.    Lower  succe8sfully  transfused  blood  from  the 
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carotid  artery  of  one  dog  into  the  jugiilar  vein  of  another  dog  by  means  of 
several  guills  fitted  together  to  form  a  tube.  This  quill  method  wa8  later 
inodified  by  Lower  to  a  conducting  sjstem  eomposed  of  2  silver  cannulas  united 
by  a  section  of  the  carotid  artery  of  a  horse  or  ox,  and  by  this  means  Dr. 
Lower  and  Sir  Edmund  King  (33),  in  1667,  transferred  blood  from  tho 
artery  of  a  sheep  into  the  arm  vein  of  a  man.  Denys  and  Emmeretz  (21) 
reported  3  siiccessful  transfusions  by  a  sirailar  method  in  the  same  year. 

Aveling  (2),  in  reviewing  the  hi8tory  of  transfusion  in  the  eighteenth  cen- 
tury,  says  that  the  reconunendation  of  vein-to-vein  transfusion  by  Tardy  (52) 
of  Pariš  and  by  Harwood  (28),  Professor  of  Anatomy  at  Cambridge,  in  1785, 
led  to  the  need  of  a  motive  power  to  effect  a  transf er  of  blood  from  donor  to  re- 
cipient;  and  that  Boehm  (8)  used  for  this  purpose  a  piece  of  duck's  intestine  to 
unite  the  two  cannulas,  propelling  the  blood  from  one  vein  to  the  other  by  strip- 
ping  this  vessel  with  his  fingers  from  the  donor  toward  the  recipient.  Coluzzi 
(14)  used,  for  the  same  purpose,  2  glass  tubes  as  cannulas,  connected  in  the  mid- 
dle  by  a  small  bladder  holding  about  an  ounce.  In  operating,  he  allowed  this 
bag  to  fill  with  the  blood  and  then  forced  the  blood  into  the  recipient's  vein  by 
compressing  the  bladder  while  shutting  oflF  communication  with  the  donor'8 
vein.  These  operations,  probably  on  account  of  the  difficulty  of  performance, 
appear  to  ha  ve  been  attempted  only  in  great  eniergency  by  the  bolder  spirits 
of  the  time,  and  gradually  fell  into  disuse. 

In  1818,  James  Blundell  (6)  revived  the  subject  of  transfusion  by  re- 
porting  to  the  Medico-Chirurgical  Society  of  London  a  series  of  experiment8 
upon  animals,  in  which  he  made  use  of  an  entirely  new  method  of  transfusion, 
the  blood  being  received  into  a  cup  from  a  vein  of  the  donor,  and  injected 
into  a  vein  of  the  recipient  by  means  of  a  piston  syringe.  In  the  sixth  ex- 
periment  of  his  series  Blundell  reported  that  without  causing  any  harm  to 
the  animal  he  had  transfused  4  pints  of  blood  from  the  femoral  artery  into 
the  femoral  vein  of  a  12-poTmd  dog  in  8  minutes,  and  had  repeated  this 
procedure  twice,  with  intervals  of  half  an  hour,  making  12  pints  of 
blood  transfused  in  an  aggregate  time  of  24  miniites.  Several  years  later 
Blundell  developed  a  more  complicated  instrument  which  he  called  an 
"impellor." 

Scott  (51)  of  Newington  Causeway  invented  a  transfusion  apparatus 
about  this  time  which  is  described  in  the  Lancet  of  May  13,  1826,  as  a 
"Kead's  svringe  into  the  extremity  of  which  slides  a  holIow  flexible  tube  14 
or  15  inches  long,  armed  with  a  silver  pipe  for  entering  the  vein  of  the  emit- 
ter.  A  similar  tube  is  screwed  to  the  lateral  branch  of  the  syringe,  and  has  a 
silver  pipe  which  is  inserted  into  the  vein  of  the  receiver  or  patient.  The 
pipes  being  inserted,  and  the  syringe  put  in  action,  the  blood  is  made  to  paas 
freely  from  one  person  to  anotlier  .  .  .  the  velocity  and  the  power  of  fhi^ 
current  being  regulated  by  the  syringe  at  the  discretion  of  the  operator." 
successful  čase  of  transfusion  with  Scott's  apparatus  was  reported  in  18S 
Joseph  Ealph  (49),  who  says:    "However  formidable  and  difBcult  titf 
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tioii  niay  bave  liithcrto  seeiiieil,  it  luiiv  Ije  porfonned  hy  thia  iiistnimeiit  with   I 

tbe  j^reatest  čase."  I 

In   182il,  BlundulI   (7)    introduced  a  furtlicr  developmeut  of  liia  inatni-   I 

nient  wliicli  he  called  a  "j^ravitator."  and  which  is  illustrated  and  deacribed  in  J 

the  JLamcl  of  Jime  13.  1829.  | 

The  period  from  1830  to  1880  waa  aignalized  by  the  developmeut  of  maDy    I 

metiiods  for  traiisfiisiiig  both  animal  aud  liiiman  blood,  fresh  and  defibrinated.    I 

Nunaerous  ingenioiis  inatniments  vvere  devised  for  thia  purpose,  tlie  forms  of   I 

apparatus  confonning  to  four  general  types.  I 

Cl)     A   Bimple  conducting  sjatem   providing  a  direct   paBBage   from  one  J 

blood  vessel  to  tbo  other,  ii8ual]y  with  some  contrivance  to  allow  tlie  escape  of  I 

»ir-.  1 

(2)    A  receiver  to  coUect  the  blood  from  the  donor  and  a  meana  of  quickly  I 

"^jecting  thia  blood  into  the  recipicnt'8  hlood   vessel;  or,  if  the  blood  were  I 

dofilarinated,  simply  the  meana  of  injecting  defibrinated  blood  into  the  circu-  j 

lation  of  the  reoipient.  I 

C3)     A  conducting  8y8teni  in  direct  communication  with  a  piston  or  bulb  I 

■>Tii]ge,  or  with  aome  other  meana  of  pumping  the  blood  from  the  donor  to  | 

*l*e   recipient.  J 

<4)    Svringe-caunula  methods,  having  cannulas   in  both  donor'B  and  re-  I 

***F*ient'»  veins  and  a  syringe  or  Byringea,  fitting  botb  cannulas,  to  draw  the  J 

'*'<^>o<l  from  the  donor  and  inject  it  into  the  recipient.  I 

Inventions  correapouding  to  these  four  types  were  advocated  and  employed   ] 

""**ing  thia  period  as  follows:  | 

Type  1.- — These  inatniments  confonn  e3sentially  to  the  original  apparatus    . 

^      Kichard   Lower   (1666').     Other  instrumenta  of  thia  clasa  were   those  of    ' 

*-" **^i^ilius,  Albini,  CasselU,  MoraelH,  Luciani  and  Ore,  two  varietlea.  J 

Type  2,— The  apparatus  of  Bhindel!    (1818)   was  the  forerunner  of  thig  j 

''*»a«  of  instrument.    Varietiea  of  thia  type  were  developed  in  the  period  from  J 

_^**'4  to  1877  hy  Hamilton,  De  Belina,  Moneo<i,  MacDonnell,  Collin,  two  varie-  I 

^^*^,  Copello,  Hasae,  Gendron,  Hiiter,  Caasc,  Uterbart  and  Ore.  j 

Type  3.— The  apparatus  of  Scott  in  182G  wa8  the  first  practical  inatni-  I 

^*»t  of  thia  type  to  be  developed  and  waa  soon  followed  by  an  adaptation  by  1 

'  ^"«88  in  London.     In  the  period  18(14  to  1874  varietiea  of  this  elaaa  of  instru-  I 

^V?****!  vere  eniploved   hy  Aveling,  Kouaael,  Gretreo,  Leblond,  LeNool,  Collin, 

•*«*,  Mflnxini  and  Kndolfi,  Moncoq  and  Mathieu. 

Type  4. — -Probabiv  the  firat  instrument  of  the  8yringe-cannula  clasa  W89 

*at.  of  X[onooq  (i!})  m  1862;  others  -»'cre  those  of  Mathieu  and  Orž  both  in 

^^«3.  and  of  Grailv  Hewitt  (301  in  1864.     nowitt'8  apparatus  is  probablv  the 

^"^t  representative  of  thia  type  and  warrant8  a  brief  deacription.     It  conaiated 

'   a  slmple  piaton  svringp  of  2-ounce  cnpacitv  used  in  connection  with  2  ailver 

'^^Oniilas.     ITaving  exposed  the  veins  of  the  donor  and  reoipient,  Hewitt  ox- 

"ttrted  with  the  nvringe  2  ouncea  of  blood  frnm  the  donor  aa  rapidly  as  poa- 

"kle,  and  gently  injectod  1  to  1  '4;  »Mirea  of  thia  blood  into  the  recipient'a  vein, 
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taking  about  1  minute  for  the  injection.     Hewitt  stated  that  the  transfer  of 
blood  must  take  place  within  3  minutes  to  escape  the  danger  of  coagulatioiL 

STBINaE    METHODS    OF   BEOENT    TIMES 

In  more  recent  times  Cripps  (17)  improved  Aveling^s  method  by  unitinj 
2  silver  cannulas  with  rubber  tubing  to  opposite  8ides  of  an  oval  rubber  bali  o 
2  drams  capacitv.  This  conducting  8y8tem,  which  was  without  valves,  wa 
completely  filled  with  warm  salt  solution  before  being  connected  with  thi 
blood  vessels,  and  served  as  a  pump,  which,  by  properly  eompressing  the  tu 
and  rubber  bali,  drew  the  blood  from  the  donor's  vein  and  injected  it  into  th 
vein  of  the  recipient.  The  Cripps-Aveling  method  has  been  revived  agai 
very  recently  by  McGrath  (88). 

In  1892,  v.  Ziemssen  (90)  advocated  a  8yringe-cannula  method  which 
quired  one  operator  and  3  assistants.  A  vein  of  the  donor  wa8  punc 
without  skin  incision  by  means  of  a  hollow  cylindrical  needle  and  blood  with — 
drawn  into  a  25  c.  c.  piston  8yringe.  While  the  8yringe  wa8  being  filled,  an — 
other  needle  wa8  Hkewise  introduced  into  the  recipient'8  vein;  when  thc^^-»e 
8yringe  was  full  of  blood  it  wa8  detaehed  from  the  donor'8  needle,  then  con—  -^rn- 
nected  with  the  recipient'8  needle  and  it8  contents  discharged.  Meanwhile  a^^  a 
8econd  8yringe  wa8  attached  to  the  donor'8  needle,  as  soon  as  disconnecteiF''^^«^' 
from  the  first  syringe,  and  the  same  procedure  was  repeated.  A  third  8yri 
followed  in  the  same  way,  the  first  one  being  meanwhile  washed  out  wi 
salt  solution  by  an  assistant.  V.  Ziemssen  reported  that  the  transfer  of 
250  to  300  C.  C.  of  blood  by  this  method  took  not  longer  than  15  to  20  minutes- 
In  the  first  series  of  7  cases  he  stated  that  he  observed  chills  and  elevation 
of  temperature  in  3  instances  and  that  in  one  of  these  cases  he  had  troubl^^^^ 
with  a  clot  in  the  recipient's  needle  which  had  to  be  removed.  He,  howeverrx:  ^^^ 
considered  the  method  less  liable  to  the  risk  of  causing  dangerous  coagulativ 
changes  in  the  eirculating  blood,  than  transfusion  by  end-to-end  anastomosisa^ 
or  the  use  of  defibrinated  blood. 

Moritz  (89),  in  1911,  recommended  a  method  which  did  not  materially^  ^  ' 
differ  from  v.  Ziemssen^s  except  that  the  needles  were  fitted  with  stop-cocks  :3»^l5 
and  were  connected  with  the  svringe  by  means  of  an  intermediate  tube  or^:r^<' 
glass  and  rubber  which  also  was  provided  with  a  stop-cock.  Immediately  aftem:-^^^ 
each  withdrawal  or  injection  of  blood,  storile  normal  salt  solution  wa8  forceč^^^^ 
through  the  needles ;  the  stop-cocks  were  closed.  Strips  of  adhesive  plaster  we 
used  to  prevent  as  far  as  possible  movement  of  the  needles  while  within  th 
vein.  Hiirter  (69)  recommends  Moritz's  method  and  claims  to  have  had  su 
with  it,  althongli  he  refers  to  it  as  involving  a  delicate  technic. 

More  recently  Freund  (86)  has  devised  a  8omewhat  similar  syringe  me 
combining  the  use  of  salt  solution  with  an  apparatus  which  is  similar  to  tha 
of  Manzini   and  Rodolfi.     Freund's  apparatus  consists  of  a  20  c.  c  pistor^ 
svringe  connected  by  a  two-way  stop-cock,  with  a  cylinder  of  salt  solution 
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and  with  a  piece  of  rubber  tubing  leading  to  onotber  two-way  atop-cock 
whicb  conmilinicates  by  sbort  connectiona  with  2  hollow  cyliiidrical  needles, 
one  larger  than  the  other.  Donor  and  recipient  are  close  together  and  the 
apparatUB,  fastened  upon  an  inclined  support,  is  placed  betweeD  them.  Tbe  con- 
necting  tubes  and  needles  are  filled  witb  snlt  Bolution  and  the  larger  needle 
is  introduced  into  the  donor'a  vein.  Both  needlea  are  held  in  place  with  etrips 
of  adheeive  plaster.  In  operatJon,  the  blood  is  pumped  from  donor  to  re- 
cipient, 16  C.  C.  of  blood  mixed  with  4  c.  c.  of  aalt  aolutlon,  being  withdrawn 
and  delivered  at  each  stroke  of  the  piston. 

Lindenian'8  (87)  method  differe  from  that  of  v.  Ziemssen  and  of  Moritz 
in  that  he  has  derised  a  special  set  of  invaginated  cy1indrieal  cannulas  and  that 
a  dozen  or  more  s^ringes  of  20  c.  c.  capacity  are  employed  in  rapid  succee- 
sion  to  convey  tbe  blood  from  one  cannula  to  the  other.  An  improvement  over 
tbe  T.  Ziemssen  and  Moritz  technic  is  tbe  avoidance  of  traumatizing  tbe 
intima  of  tbe  veins  b;  the  many  abrading  movements  witbin  the  blood  vessel 
of  a  sharp-pointed  instrument,  incidenta!  to  tbe  frequont  connection  and  dis- 
connection  of  the  sjringes.  Thia  feature  is  leesened  by  Lindeman  in  that  the 
eharp  innermost  cannula  of  bis  set  is  withdrawn  from  the  vein  as  soon  as  it 
haa  done  its  work  of  penetration.  It  sbould  aleo  be  mentioned  that  tbe  can- 
nulas receive  a  preliminary  intemal  coating  of  liquid  paraiHn.  Syringe 
metbods  vitbout  special  apparatus  have  aiso  been  reported  in  recent  years 
by  Cooley  and  Vaughan  (84)  and  by  Crotti  (85). 

Except  for  tbe  admixture  of  salt  solution  no  attempt  ie  made,  in  tbia  claaa 
of  operation,  to  prevent  the  olotting  of  blood  wbile  in  tbe  intermediate  recep- 
tacle  and  no  special  measures  are  taken  to  prevent  or  neutralize  thrombo- 
plaatin  formation.  Success  in  getting  the  blood  tranaferred  while  stili  in 
liquid  State  depends  tberefore  upon  speed  in  eonveying  it  from  tbe  veaael  of 
the  donor  to  that  of  the  recipient.  The  element  of  safety  is  inver8ely  propor- 
tionate  to  the  amount  of  tbromboplaatiu  wbich  is  injected  with  the  transfused 
blood,  and  tbis  again  depends  upon  tbe  dcgree  of  contact  with  traumatized 
tissue  and  with  moietenable  foreign  surface  during  tbe  proceas  of  transfuaion, 
and  is  probably  ako  influenced  by  the  degree  of  preasure  to  which  the  blood  is 
aubjected  by  the  action  of  tbe  ayringe. 

DEFIBBINATED  BLOOD 

In  regard  to  tbe  tranafuaion  of  blood  after  deftbrination  a  very  brief  his- 
torical  note  will  sufiice.  Transfusion  by  tbis  method  waa  proposed  aa  a  re- 
Bult  of  the  reeearches  of  Dieffenbach  (60),  Prevost  and  Dumas  (77),  and  es- 
pecially  Biachoff  (68),  in  the  early  part  of  the  ntneteenth  centnr;.     Various 

methoda  of  infu:-inf;  detibrinntod  blooii  WLTe  udviK-iited,  and  the  procedure  was 
from  18;!0  to  18Š()  employed  to  a  considerabte  csteut,  if,  indeed,  it  was  not  eon- 
eidered  the  method  of  choiM^J^  intravenoua  iise  of  defibrinate^jktaHL  bow- 
ever,  fell  into  dtaH||Mfl^^^^Hltt:ftQCOUiit  of  tbe  reaearclies  i^^^^HnTeati  - 


342  THE    TRAJs\SFUSION    OF   BIX)OD 


gators  of  the  Dorpat  scjhool  (uotably  Kohler)    (70)  which  called  attention  te 


(langerous  coagiilative  ehaiiges  likely  to  be  induced  by  the  injection  of  defibrin—  -m- 
ated  blood  iiito  the  cinmlatiou.  For  a  full  consideratiou  of  the  arguments  foi^ci  «r 
and  against  the  use  of  defibrinated  blood  see  Bibliography,  Sec.  II. 

PARAFFIN  METHODS 

The  use  of  paraffin  as  an  aiiticoagiilant  for  tranaf Tision  apparatiis  wa8  intro—  ^^zjo- 
duced  by  lirewer  and  I^ggett  (D-^)  in  1901),  in  their  direct  conduction  methodEi->'^ 
by  means  of  a  paraffin-lined  glass  eanniila.  In  this  variety  of  operatioDj^.  J«r:ii, 
paraffin  bas  also  been  emploved  by  Vincent  (100)  and  others. 

Of  the  methods  of  transfusion  with  paraffin-coated  receptacles,  tbat  of  Cur--:m~  r- 
tis  and  David  (04)  (05),  the  Rislev  and  Irving  modification  of  this  methocLj^^ 
(97),  and  the  niethod  of  Kimpton  (96)  should  be  mentioned.  The  first  twcz^^^o 
methods  are  verv  similar;  the  apparatns  eomprises  a  paraffin-lined  cylindeiM^  ^ser 
connected  by  an  opcning  at  its  upper  extremity  with  a  pump  for  exhaustin^^  ^flig 
or  foreing  in  air,  and  at  its  lpwer  extreniity  by  two  openings,  one  leading  tc^i^i» 
the  donor's  blood  vessel  and  the  other  to  that  of  the  recipient.  Donor  an<E^-M2d 
recipient  are  placed  close  together  and  the  apparatns  connected  by  directlji^-lTlv 
introducing  the  two  tips  of  the  cylindcr  within  their  respective  blood  vessels-^ar  Ms- 
In  operation  the  recipient's  vessel  is  shut  ofF  by  pressure,  and  the  exhau8tioE=K"^3)n 

of  air  from  the  cvlinder  draws  the  donor's  blood  into  it.     When  50  c.  c  ar^^^r  re 

t' 

obtained,  the  donor's  vessel  is  shut  off  by  pressure  and  the  recipient'8  vesse^^^^«©! 
released.     The  foreing  of  air  into  the  cylinder  then  drives  the  blood  out  otr<:z^  of 
the  cylinder  into  the  blood  vessel  of  the  recipient.     In  a  discussion  of  thei«"  m:^^^ 
exper  imen  tal  comparison  of  various  methods  of  transfusion  Rislej  and  Irvin^^-^^^*^ 
report  verv  favorablv  on  this  apparatns. 

Kimpton's  niethod  is  bv  means  of  a  paraffin-lined  glass  cylinder  with  ain^-^**^ 
elongated  and  twisted  neck.  Ile  obtains  blood  from  the  donor  by  incising  aet  * 
clamped  artery  or  vein  \vith  a  eataraet  knife.  The  glass  tip  of  his  instru— -^^^*"" 
ment  is  insertcd  direetlv  into  this  incision.  The  clamp  is  then  removed  andfc>  ^^" 
the  cylinder  is  allowed  to  fill  bv  the  force  of  the  blood  current.  When  theis^^^^ 
cylinder  is  full  the  clamp  is  rcapplied,  the  tip  is  removed  from  the  artery  or' 
vein,  and  the  cvlinder  is  carricd  to  the  recipient  in  the  horizontal  position,  the 
twisted  neck  acting  as  a  trap  and  preventing  the  entrance  of  air  through  the 
tip.  The  recipient's  vein  is  entered  in  the  same  manner  as  the  donor'8  blood 
vessel  and  the  blood  is  delivered  by  foreing  air  into  the  cylinder  with  a 
cautery  bulb. 

THEORETICAL   CONSIDERATIONS   AND    PBINCIPLES   TmDERLTDrG 

THE  AUTHORS'  METHOD 

It  is  apparent  to  anvone  who  has  given  it  consideration  that  a  large  field 
of  usefulness  would  be  open  to  the  operation  of  blood  transfusion  if  it  could 


16 

e 


PRINCIPI,ES  ITXPERLYING  AUTIIOirS  METIIOD         343 

be  performcd  safelj,  quickly,  and  siirelj  by  anyoue  poBBeesiag  ordinary  sur- 
^cat  skill,  aiid,  if  possihlc,  vvithout  expert  aesiataiice.  The  one  seriona  obstacle 
in  arriving  at  a  aafe  and  simple  method  o£  transfiising  blood  is  the  element  of 
«oagiilation.  If  thie  obatacle  can  be  fairly  met  and  overcome  ali  difficultiea  are 
■olved. 

With  tbeae  considerations  in  view,  and  from  a  studj  of  the  more  recent 
inveatigations  on  the  natiire  and  aignificance  of  the  factors  eoncerned  in  blood 
coagulation,  there  appcar  to  be  two  wa.va  of  approacbing  tbis  problem  which 
offer  some  proiuiac  of  siicceaa.  (139-143,  177-178,  127-130.  154.)  The  firat 
way  ia  to  preaerve  the  antithrombin-prothrombin  balance  of  the  carried  blood 
bv  preventing  access  or  formation  of  thromboplastic  substance,  which  ia  the 
initiating  factor  in  spontaneona  eoapulation.  The  second  way  ia  to  affect  the 
antithrondnn-prothrorubin  balance  of  the  carried  blood  bv  ne^itralizing  the 
thrombopiaatic  aiibetance  and  thna  preventing  ita  divertiug  action  upoD  the 
nonnal  antitli rombi n,  or,  in  other  word8,  to  reinforce  the  antitbrombin  side  of 
the  balance  bv  addition  o£  the  neceaaary  element  to  offaet  tbe  anticipated  action 
of  thromboplastin. 

Tbe  BTithora  of  the  preaent  methoda  accordingly  planned  two  linea  of  ex- 
perimentation,  baaed  on  theae  prcmises,  to  overeonie  tlie  clotting  dilf]ciilty,  and 
at  the  aamc  tirne  to  devclop  a  practical  lechnic  of  operation. 

The  first  of  theae  alternatives  is  to  empIoy  iin  intermediate  carrying  8ys- 
tera  for  the  blood,  lined  throughoiit  with  parafKn,  and  thns  to  provide  no  point 
of  contact  with  any  moiatenablc  anrface ;  aud  at  tlie  same  tirae  to  minimize  aa 
far  as  poseible  the  expo9iire  of  broken  tiaaue  eurface  to  the  blood  atream  in 
the  procesa  of  obtaining  blood. 

The  second  alternative  ia  the  eniplovinent  of  a  aufficient  amount  of  some 
phjsiologio  agent,  aa  antithrombiu  or  Linidin,  to  reatrain  or  offset  the  initia- 
tive  factors  of  coagiilation,  dnring  the  time  of  the  conveyance  of  the  blood 
throiigh  a  foreign  Byatem,  aiieh  as  glasa  and  metal, 

For  a  detailed  description  of  the  esperimental  work  which  bas  led  to  the 
developmeiit  of  the  anthors'  methoda  of  transfuaion,  the  reader  ia  referred  to 
previonslv  publiahed  work  (98,  99,  209).  Aa  a  reault  of  the  oarlier  part  of 
thia  work  thcrc  appcared  to  be  two  main  inflnencea  which  tended  to  produce 
coagTilative  tcTidenciea  in  blood  transfused  throiigh  the  agency  of  an  inter- 
niedtnto  receptaele. 

(1)  The  jidniixl.iire  of  thniTnlK)pla8tin  derived  frnni  wonnded  tiasiie.  and 
more  particularlv  froni  the  wouuding  of  the  donor*«  liiood  vessel. 

(2)  The  liberation  of  thromboplastin  from  the  forraed  elementa  of  the 
blood  itself,  esppciallv  tbe  platcieta,  cauaed  by  disintegration  or  abrasion  of  tbese 
elementa  wliile  in  procesa  of  transfer, 

With  the  proaent  methods  and  apparatna  the  first  contingency  is  avoided 
by  penetrating  the  donor'a  vein  with  a  cannula  \vhich,  bv  a  jet  of  aalt  aolntlon, 
is  immediateiv  vaahcd  clcar  of  any  contaminating  tiaaue  juicea  whicb  may  be 
cairied  into  it  by  tbe  act  of  reraoving  the  obturator  or  trocar.     Thia  cannula 
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serves  as  a  protective  sheath  through  which  to  introduce  the  tip  of  a  pipet 
directly  into  the  blood  stream  of  the  donor  without  contact  with  the  wounded 
wall  of  the  blood  vessel.  To  avoid  abrasion  of  the  intima  of  the  donor's  vein 
hj'  the  tip  of  the  pipet  while  drawing  the  blood,  this  tip  has  a  blunt  extremity 
with  its  opening  in  the  direction  of  the  blood  current: 

The  second  set  of  factors  j  ust  mentioned  has  been  met  by  having  the  tip  of 
the  pipet  of  as  large  caliber  and  as  short  a  length  as  practicable,  and  by  ex- 
panding  its  channel  as  rapidly  and  as  evenly  as  possible  (Fig.  1)  ;  also,  by 
having  an  intact  paraffin  lining  throughout  the  instrument  to  provide  a  non- 


Fio.  1. — SvcnoNAL  ViEW  OF  LowBR  Part  of  Pipet.  Tip  (eylindrieal  portion)  of  14k.  gold,  seamlefls 
drawn  tubing  17.0  mm.  (0.67  in.)  long;  ext.  diam.  2.32  mm.  (0.091  in.) ;  int.  diam.  2.03  mm.  (0.080 
in.) ;  soldered  into  the  funnel  portion  of  the  tip  at  an  angle  of  45**.  Tip  (Junnel  portion)  of  coin  silver, 
interior  tapered  from  2.03  mm.  (0.080  in.)  to  10.20  mm.  (0.402  in.),  flanged  eztemally  at  larger 
extremity  to  fit  coupling.  CoupUng  of  brass  nickel-plated,  made  from  a  section  of  15.875  mm. 
(0.625  in.)  hezagon  rod,  drilled  and  threaded  to  fit  bushing,  and  flanged  to  form  8wivel  union  with 
tip.  Buahino  of  same  material  as  coupling,  tapered  intemaUy  from  10.20  mm.  (0.402  in.)  to  12.75 
mm.  (0.502  in.);  ext.  diam.  13.71  mm.  (0.540  in.),  threaded  at  lower  extremity  to  fit  coupling. 
Cylinder  blown  from  Jena  glass  tubing  54.0  mm.  (2.126  in.)  ezt.  diam.  Neck  of  cylinder  25.4  mm. 
(1.0  in.)  long,  with  intemal  diameter  tapered  from  18.26  mm.  (0.7187  in.)  to  16.67  mm.  (0.656  in.). 
Angle  of  neck  with  long  azis  of  cylinder  is  30^.  Asbestos  packing  made  by  wrapping  around  the 
metal  bushing  a  piece  of  asbestos  tape  25  mm.  (1.0  in.)  wide  and  about  0.4  mm.  (^  in.)  thiok. 

moistenable  wall  which  reduces  surface  frietion  in  the  carrying  vessel  to  a 
minimum.  As  an  alternative  to  the  paraffin  coating,  we  have  employed  a  coat- 
ing  of  hirudin  solution,  to  act  as  a  neutralizing  agent  for  thromboplastin  de- 
rived  from  the  formed  elements  of  the  blood  at  the  zone  of  contact  with  the 
wall  of  the  pipet.  To  diminish  frietion,  we  have  also  limited  the  speed  and 
the  force  with  which  the  blood  can  be  drawn  into  and  expelled  from  the 
pipet,  by  employing  a  method  of  mouth  aspiration  by  the  operator.  It  may 
be  stated  in  this  connection  that  we  have  tried  various  mechanical  means  of 
withdrawing  and  injecting  the  blood,  such  as  Politzer  bags,  piston  plunger 
syringes,  etc,  and  that  mouth  aspiration  is  to  be  preferred  to  any  of  these  more 
forcible  methods. 
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UZTEOD  OF  OPEBATIOir  WITH  PABAf  FIN-OOATED  PIPET 


1 


An    ordmary   scalpel,    a    small    and    verv    aliurp    knife    for    incieing   the 
blocKl    Teflsela,    Bciseora,    aerrated    forcepa,    luouse-tooth    or    &xation    forcepg^ 


a-  a.— DoWOB'b  CaNSola.  Hk.  gold  scamleas  tuhing,  2.80  ir 
<C»-092  in.)  int.  diam.  Canouia  in  15  ram.  (0.59  in.)  long,  bev 
•KVki]  encj.  LatcnJ  arm  20  mm.  (0.79  in.)  long.  jaimiis  nsn 
i».|  (rora  proiiraal  end.  PtuQ  o(  lOk.  gold.  diameler  to  fil 
la^Lodlc.    Obturalor  of  ^aiH  rod,  2.25  to  2.30  mm.  (0.089  M  I 


0.110  m.|  cil.  dinm.  nnd  2.34  m  _. 
1  al.  distal  end  and  Hared  at  prox- 
Bt  anglc  al  30°,  at  6  mm.  (0.1B7 
nmiiJ  find  of  oanmila  Bnugly ;  wiro 
1  in.J  in  diameter. 


***  v^^Tal   moB<]uito   clanipa;     donor"«  canniila   with    obturator   and   phig  (Fig. 
-^    ;     recipient'8  eannula  and  obturator  of  appropriate  size   (or   2   sizes  may 


-  3.— Rbcipieiit'8  Canmola.  ProximHl  part  u  of  Hk.  gold  seRiiiltiss  tubing,  aamc  diameteiB  aa 
^onor'«  c&nnula  and  of  Himilar  oonatruction.  Into  Ihe  distal  ond  of  thi«  i«  imldcred  a  platinum- 
•lidium  cBjinuln  of  smallor  caljbcr  vliirb  may  vary  iu  aiie  snd  lenjtth  according  to  requirements. 
*l!lir  atc  found  nin«I  UH-ful  in  la  mm.  <0,59  Iu.)  Ionu,  2.06  mm.  (0.080  Iu.)  piI.  diameter  and  l.TK  mm. 
^0.070  ip, tint.  diamelor.  Csnnulaii  of  amaller  diameter  m«y  beuned  for  smaller  velns  and  for  pene- 
tntina  th*  Bkin.  Ohluralor  in  made  of  lOk.  drairn  gold  ivire  of  a  diamvter  lo  Gt  the  pUtJnuni  can- 
huU  and  of  a  convcnicnt  knglh  for  handling.  Tfa«  «Uip  on  th«  obturator  ia  made  to  fit  iolo  ths 
Vh«1  end  of  the  rannula.  Fmm  a  point  5  mm.  frani  tho  atop  to  a  puint  nor  iu  eitnTmity.  a  dat 
(Hlfaoei>ErouiidupDn  thc  obturator  O.G  mm.  (0.02  in.)  deop.  Whon  tho  obturator  i*  fully  seated 
t&  the  oaoDula,  thi«  mrtaoe  pruvlde«  a  chniincl  ex(«iidiim  0.6  mm.  (0,03  in.)  beynnd  the  ihorler  Up 
«1  the  bcvellod  end  of  the  oannula  irhi-n  the  bondto  of  the  obturator  Is  tuined  in  the  same  direc- 
lioB  (aee  Fig.  6).  W[tb  thu  arrangement  it  Ib  appareot  thnt  the  diatal  opsoing  of  thia  channel  can 
be  tegulated  by  mtating  the  obturator  within  the  eannula.  and  Ihie  provideH  a  moana  of  controU- 
_  iOR  tba  diacharae  of  salt  Bolutlon.  Whcn  fully  open.  about  60  dropa  of  salt  solution  will  Bo«  per 
Vinute  with  6  (oet  of  bydroBtatlc  preamiro.  Trocar  is  mado  of  lOk.  gold  wiru  of  eame  diameter  u 
!1b«  obturator,  and  ui  provided  with  adjuatable  atop. 
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be  prepared  in  readinesa)  (Fig.  3) ;  needles  and  silk  for  Biituring  skin; 
bjpodennic  avringes  and  needles  for  local  anestheeia.  A  Micbel  force;« 
is  alao  useful  for  holding  the  cannulaB. 


AFPABATUB 


One  or  more  pipeta,  coated  with  parafBn  under  sterile  precautions  aad. 
provided  witli  eotton  air  fiiters  and  aspirating  tubes  as  shown  in  Figure  ^> 
An  irrigating  apparatiis  for  2  liters  of  salt  aolution  witli  a  sistem  of  rubb-^ 


Ste  HI  LE    COTTON. 


tubin^,  Iiaving  a  double  diatribution 

b.v  meaiis  of  a  Y  conncctioti  and  sep- 

arato  atop-cocka  for  donor'8  and  re- 

cipiont'«  pannulas  as  8liown  in  Fig- 

(ipo  ■>;  or  a  separntc  siippiv  of  aalt 

Boliition  nia.v  bo  used  for  doiior  and 

for  rccipient,   if  in  separato  rooms. 

An  ordinarv  2-qiiart  rublicr  doncbe- 

bag  may  be  stcrilizcd  and  used  for 

tbis  piirpose.    Tlie  salt  sohition  should  be  prepared  as  for  any  intravenouB  saline 

infusion  and  tlic  source  of  supplv  should  be  at  a  height  of  from  4  to  5  feet  from 

tho  oiitiet,     A  pneiiniatic  cnff,  similar  to  that  of  a  blood-preasure  apparatus  bul 

about  haif  as  widc,  witli  an  inflating  puinp,  is  uscfnl  for  constrieting  the  donor'a 


FlO.    5. iHBIOATtNO     ApPARATDS.      CopPCf  V*-    ■  "*' 

heaviljF  tinned  inaide  and  outnde,  of  thr«^  ."■ 
tere  capacitv.  irilh  oullet  made  from  blolk    **'■ 
Outlet   ha«  a    larger  tubulation  aboT«  for    '"" 
■crtion  of   rIshi   gauge-tube   aod   Iheimom«'*^ 
and  a  smaller  tubulatioo  below  for  atUchnic-n' 
of  nibbtrtubiog.    Anelectric  heatiiuEplHlP  «'*''' 
as  a  Bupport  and  is  attached  by  an  arm  and  sfl' 
Bcrew  ta  an  iron  rod,  which  latter  is  faslene^ 
into  a  caat-iron  foot-piece.     A  slidins  Jeevto* 
crlluloid  can  bc  tnoved  to  aiiy  poaitioD  oa  tM 
glasa  gBuKG  and  is  graduated  in  c.  c  to  nos' 
ure  the  dischar^G  from  the  vesad  at  any  ten) 
of  the  fluid. 
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^^ ;  or  a  piece  of  heavy  nibber  tubing  with  a  large  clainp  may  be  used  for  this 

OPEBATION 

The  donor^s  and  recipient's  vessels  are  selected  for  their  size  and  promi- 

nence  and  the  close  proximity  of  a  valve  slioiild  be  earefiillv  avoided,  as  this 

'nay  interfere  with  the  satisfaetory  aetion  of  the  eannnlas.     The  field  of  opera- 

tion  18  painted  with  tinetiire  of  iodin  and  then  washed  off  \vith  alcohol.     The 

reins  at  the  bend  of  the  elbow  are  nsuallv  the  most  serviceable.     If  the  re- 

cipient  is  a  yo\ing  ehild  the  external  jugular  vein  is  often  the  best  vessel  to 

select  and  this  may  be  entered  by  a  smali  size  trocar  and  cannula  without  skin 

incision,  or  through  a  very  small  nick  in  the  skin. 


Vi 

^» — Recipibnt'8  Cannula  wrrH  Obturator  in  Vein.    Showiiig  drop-instillation  of  salt  solution« 

•Local  anesthesia  for  the  expo8ure  of  the  veins  in  recipient  and  donor  is 
P^^^Uced  in  the  usual  way  with  a  2  per  cent.  novocain  solution  and  about  2 
^  cm.  of  both  veins  are  exposed  to  view  and  the  vessels  thoroughly  denuded  of 
^^ir  fascial  sheaths  to  facilitate  penetration. 

The  recipient'8  and  donor's  cannulas  are  now  connected  to  their  respective 
^^ds  of  the  irrigation  apparatus  by  rubber  connecting  tubes  of  small  caliber, 
^"  stop-cocks  are  opened,  and  salt  solution  is  allowed  to  flow  through  the  can- 
^^laa  to  expel  air.  The  obturators  are  then  inserted  in  their  respective  ean- 
nnlas, and  the  cannulas  dipped  in  storile  liquid  paraffin.  The  recipient's  vein 
^8  first  entered  with  the  recipient's  cannula  in  the  direction  of  the  current.  See 
figure  6. 

It  is  important  to  enter  the  vein  at  a  point  well  away  from  the  center  of  its 
eiposed  portion,  so  that  the  position  and  direction  of  the  cannula  when  inside 
the  vein  may  be  seen  and  controlled. 

The  most  simple  and  certain  way  of  entering  the  blood  vessels  of  both 
donor  and  recipient  is  by  means  of  a  small  incision  through  the  wall  of  the 
vessel.    This  incision  may  be  made  with  the  point  of  a  small  sharp  knife.    The 


348 


THE    TRANSFUSION    OF   BLOOD 


size  of  the  incision  should  be  gauged  according  to  the  diameter  of  the  can- 
nula  to  be  introduced.  Another  method  of  entering  the  blood  vessel  of  the 
recipient  is  to  pierce  it  with  a  trocar  which  fits  the  eannula;  this,  however, 
require8  some  force,  and  therefore  is  liable  to  result  in  more  trauma  to  the 
vessel  wall ;  the  trocar  method  also  requires,  with  small  veins  and  in  eramped 
situations,  some  dexterity  to  enter  the  lumen  of  the  vessel  cleanly  on  the  first 
trial. 

When  entrance  of  the  recipient's  vein  has  been  effected  with  the  recipient'8 
eannula,  the  two  ends  of  an  elastic  band,  previouslj  passed  under  the  arm  distal 


Fio.  7. — Donob'b  Cannula  wrrH  Obturatob  in  Vbin. 


to  the  incision,  are  united  by  a  hook  over  a  gauze  pad  resulting  in  light  com- 
pression  of  the  vein  just  distal  to  the  point  of  entrance  of  the  cannula.  The 
obturator  is  then  withdrawn  and,  by  covering  the  flared  opening  of  the  cannula 
with  the  finger,  the  flowing  salt  solution  is  allowed  to  flush  out  the  recipient'8 
vein.  A  moment's  flushing  will  fill  the  vein  with  salt  solution,  and  this  per- 
fusion  is  maintained  by  drop  instillation,  which  takes  plače  automatically  when 
the  obturator  is  replaced  in  the  cannula  with  the  hook  turned  toward  the  lateral 
arm  (see  description  of  recipient  cannula  and  obturator.  Fig.  3).  This  ex- 
clusion  of  blood  from  the  vein  is  to  prevent  the  possibility  of  clot  formation, 
which  may  be  induced  by  a  prolonged  presence  in  the  blood  current  of  the  metal 
cannula. 

When  the  recipient's  vein  has  been  prepared  with  the  cannula  in  situ,  the 
donor^s  arm  is  constricted  and  the  operator,  through  a  small  incision  as  al- 
ready  described,  penetrates  the  donor^s  vein  with  the  donor's  cannula  against 
the  direction  of  the  blood  current  (Fig.  7).  The  mouth-piece  of  the  aspirat- 
ing  tube  is  next  grasped  in  the  teeth,  and  the  pipet  allowed  to  hang  thus  for  a 
moment  while  the  donor's  obturator  is  withdrawn,  using  both  hands  for  this 
purpose.  With  a  clamp  or  forceps  in  the  left  hand  steadving  the  cannula 
in  the  vein,  the  right  hand  grasps  the  pipet  and  introduces  its  tip  (Fig.  8) 
against  the  outpouring  stream  of  salt  solution,  through  the  donor's  cannula,  into 
the  blood  stream  of  the  donor.    The  aspiration  of  blood  (Fig.  9)  is  b^un  imme- 
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diately,  and  suction  should  be  strong  enough  to  get  about  tbe  masimum  flow 
*ithout  undue  coUapse  of  the  vein  vali  against  the  cannula.  A  apeed  of  with- 
^wal  greater  tbaa  100  o.  c.  per  minute  should  not  be  attempted.    It  is  we11 


to  mention  here  that  the  general  precaution  should  be  followed,  hb  in  aH  blood- 
ve»sel  8urgery,  of  treating  the  vcasels  gently  in  every  manipulation ;  and  this  is 
*»I>Mially  trne  of  tbe  donoi^s  vein.    A  bystander  may  take  the  tirne  from  the  be- 


Fia.  9. — AsPiEATioN  or  BboOD  fbou  DoNOii'e  Vein. 


iSiimiiig  of  tbe  blood  9ow,  so  that  there  may  be  some  guide  to  the  apeed  of  witb- 
''faval  and  deliverj. 

Two  hundred  c.  c.  of  blood  caii  be  obtained  froiii  a  good  donor  in  1  Vi!  to  4 
mintitea  and  this  amount  may  be  delivered  through  the  targe  and  medium- 


[no 
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sized  canuulas  in  fmm  2  to  4  minutes,  niaking  &  total  of  4  to  8  minutes.  We 
have  conaiderod  12  to  15  iiiiuutea  a  coiiservative  limit  of  aafety  for  botb 
paraffin  and  liinidiii  methods;  and  even  with  10  minutes  as  a  limit  tbere  is  in 
omple  margiu  of  tiitie,  so  that  therc  is  no  necd  for  haste- 


Wben  the  amount  roq«ired  is  obtained  (200  c  c  or  lesa)  the  pipet  i* 
withdrawn  and  the  donor'B  obturator  inserted,  the  tip  of  the  pipet  being  stt^^S^' 
pcred  as  scen  as  withdrawn  by  a  gloved  finger  of  the  operator  It  is  unporta  :m^* 
to  stop  Buctiou  before  withdrawal  of  the  pipet  eo  that  no  air  bubbles  may  "K^fl 


HBClPIBtIT'B  CaKNUIiA. 


drawn  through  tbe  blood  at  the  moment  of  removal  from  the  vein.  The  pip^^ 
eontaining  tlie  blood  ifi  now  earried  to  the  recipient,  the  obturator  of  the  r^^ 
cipient's  cannula  is  withdrawn,'  and  tbe  tip  of  tbe  pipet  ia  inserted  against  tb^ 

'If  »orking  without  assistance,  tho  recipient 's  obturator  niay  ho  estraoted  bj  mtvot 
ot  a  ii'ire  hook  attachable  t<i  the  fourth  finger  of  tho  operator'«  right  huid. 
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outflo-wing  Btream  of  aalt  solution  into  the  recipient'8  canmik.  Figure  10 
aIiowa  the  outflowing  stream  of  blood  released  hy  the  removal  of  the  finger  of 
the  operator  from  the  tip  of  the  pipet  just  at  the  moment  of  introduction  into 
the  recipient's  cannula.  Figure  11  Bhows  the  tip  of  the  pipet  withiD  the  re- 
cipienfa  cannula  while  the  blood  is  being  delivered.  The  last  10  or  15  c.  c. 
of  blood  are  not  diaeharged  from  the  pipet  in  order  to  avoid  riak  of  injecting 
air.  \Vhen  this  pomt  is  reached  the  pipet  ia  withdrawn  from  the  recipient'8 
cannula  and  the  obturator  replaced. 

If  more  blood  ia  needed,  another  transfusion  niay  be  done  in  preeiselj  the 
same  ■»aj,  uaing  another  pipet ;  or  an  asalatant  may  collect  a  eecond  pipetful  of 
biood  from  the  donor  im- 
mediately  foIIowing  the 
withdrawal  of  the  first 
pipet.  Thia  rapid  ae- 
quence  of  withdrawing 
blood  from  the  donor  ia  of 
courae  more  expeditiou8, 
and  ia  advisable  if  more 
than  400  c.  c.  (2  pipet- 
ful a)  of  blood  are  re- 
quired.  Where  the  inter- 
rupted  method  ia  fol- 
1owed,  čare  should  be 
taken  to  remove  the  con- 

atriction  of  the  arm  ao  aa  to  allow  a  free  circulation  of  blood  through  the  donor'a 
vein  during  the  intervals  when  the  blood  ia  not  being  withdrawn. 

When  the  transfer  of  blood  ia  completed,  the  reeipient's  cannula  is  re- 
moved  and  presaure  applied  with  a  compress  for  a  few  minutcs.  Pressure  and 
anturing  the  akin  wi!I  UBUally  suffice  to  stop  oozing  from  the  vein,  If  desirable 
the  donor  may  be  given  a  aaline  infuaion  to  replace  his  lost  blood,  by  substi- 
tuting  a  short  plug  in  the  donor'B  cannula  for  ihe  obturator,  which  atopa  the 
oiitlet  of  the  cannula,  but  does  not  shut  ofF  the  paasage  of  the  aalt  solution 
through  its  lateral  branch  into  the  vein  {Fig.  12), 

Hemorrhage  from  the  donor'a  vein  after  the  cannula  is  withdrawn  can 
sometimes  be  atopped  by  preaaure ;  but  U8ually  the  puncture  should  be  sutured 
or  tied  off  latcral!y  with  fine  catgut.  During  the  courae  of  the  operation 
neither  the  donor  nor  the  recipient  receives  more  than  an  inconsiderahle 
amount  of  salt  aolution,  nnlesa  more  is  desired.  It  will  be  seen,  however,  that 
with  this  arrangement  any  amount  of  aalt  solution  can  bo  immediately  directed 
into  tlio  circulation  nf  il^Tinr  or  i-ccipient  if  re()uireil.  In  piviiij;  salt  solution 
to  the  donor  in  nuy  eonsiderable  imioiint  It  ia  ndvantageoua  to  rcverse  the  direc- 
tion  of  the  cannula  'within  tbo  vitin.  Tbi,-*  mav  ea3ily  be  done  while  the  solu- 
tion ia  floving  withouSJ!inffli^  ^''^  eai)iin1a  from  tUe  vein. 


362  THE    TRANSFUSION    OF   BLOOD 


PBEPARATION    OF    PIPET8   WITH   PARAFFIN    OOATnfO 

The  preparation  of  the  pipets  and  the  method  of  lining  them  with  paraffin 
should  be  carefully  followed.     The  threaded  bushings  of  the  cjlinders  are 
first  wrapped  with  thin  asbestos  tape  and  securelj  seated  in  the  cjlinders. 
The  air-filter  tubes  with  cotton  fiUing  and  the  cjlinders  are  then  sterilized  b^ 
dry  heat  in  an  autoclave  or  ordinarj  oven.     The  rubber  aspirating  tiibe& 
mouth-pieces,  and  perforated  rubber  stoppers  are  sterilized  by  boiling.    Wh«stt 
sterilized,  each  eylinder  is  eonnected  with  an  air-filter  by  means  of  a  p^5^ 
forated  rubber  stopper,  and  the  aspirating  tube  with  mouth-piece  is  attach^ai« 
The  cylinder8  are  then  ready  for  coating.    The  rubber  stoppers  and  aspiratm.  "ftg 
tubes  should  be  thoroughly  dry  before  being  eonnected  with  the  cylinder8. 

The  process  of  coating  the  pipets  must  be  conducted  with  aseptic  prec^s^ii* 
tions.  The  coating  is  best  done  from  a  cylindrical  vessel,  about  3 14  incfc=iw 
(8.4  cm.)  in  diameter  and  7  or  8  inches  (17.5  to  20  cm.)  high,  fiUed  to  wiit:=^ 
an  inch  (2.6  cm.)  of  the  top  with  the  sterile  paraffin  mixture.  The  mixti-::3ie 
which  we  have  f ound  most  satisf  actory  is : 

Griib^s  filtered  paraffin,  m.  p.  60""  to  62''  C.  (140''  to  143.6''  F.) .   56  parts  by  wei^^]it 
Pure  white  petrolatum 44  parts  by  iTrig^^* 

This  mixture  has  a  melting  point  of  49°  to  60°  C.  (120-122°  F.)  and  c^^ 
be  sterilized  by  heating  to  120°  C.  (248°  F.)  for  an  hour.  We  have  iam^^i 
that  a  convenient  vessel  for  melting,  sterilizing  and  holding  the  paraffin  is  ^^ 
electric  warmer  for  a  10-ounce  nursing  bottle,  with  heating  ooil  immer^P^ 
directly  in  the  paraflSn. 

First  Coating. — For  the  first  coating  the  paraffin  is  heated  to  from  T"  ^ 
to  80°  C.  (171°  to  176°  F.)  ;  the  neck  of  the  cylinder,  with  a  threaded  bu-^' 
ing  securely  seated  in  it,  is  then  immersed  beneath  the  surface  and  the  para:^^ 
sucked  up  into  the  cylinder  by  means  of  a  tube,  air  filter,  and  mouth-piec^  ^ 
within  about  1  cm.  of  the  rubber  stopper.  The  paraffin  is  maintained  at  tl^^^ 
level  until  its  heat  has  spread  to  the  cylinder,  which  is  shown  by  the  film  o^^^^ 
the  glass  becoming  transparent.  As  soon  as  this  occurs,  the  paraffin  is  allov^^^ 
to  flow  out  and  the  cvlinder  is  placed  aside  to  cool. 

The  pipet  tips  and  couplings  may  be  sterilized  by  boiling  or  by  dry  h^^^^ 
If  boiled  a  short  time  before  coating,  they  should  be  f reed  from  moisture  bef^^^ 
being  attached  to  the  cylinder.     This  can  easily  be  done  by  drying  over      ^ 
alcohol  flame.    The  coated  cylinders  may  be  wrapped  in  sterile  towel8  and  k^^ 
in  this  way  until  needed,  or  the  pipet  tips  may  be  attached  and  a  seco^rf 
paraffin   coating  applied   at  once,   the  completely  coated  pipets  being  tB^ 
wrapped  in  sterile  coverings  ready  for  immediate  use. 

Second  Coating. — The  second  coating,  with  the  tip  attached  to  the  cylinder, 
is  done  at  60°  to  61°  C.  (140°  to  142°  F.)  by  dipping  the  tip  of  the  pipet 
beneath  the  surface  of  the  melted  paraffin  and  aspirating  sufficient  paraffin  to 
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reach  about  2  cm.  above  the  neck  of  the  cylinder  and  immediatelj  expelling 
it  again.  When  the  exce88  of  paraffin  which  has  been  taken  into  the  pipet 
is  blown  oiit  in  this  manner,  bubbles  of  air  will  be  seen  to  escape  from  the  sub- 
merged  tip  of  the  pipet.  The  pipet  is  then  raised  out  of  the  paraffin,  its  tip  is 
tilted  upward,  and  air  is  drawn  throiigh  it.  This  latter  precaiition  is  to  prevent 
a  narrowing  of  the  liimen  of  the  tip  by  the  eongealing  at  this  point  of  the  last 
few  drops  of  excess  paraffin.  The  lumen  of  the  tip  can  easily  be  inspected  by 
transmitted  light;  if  it  has  not  a  good  clear  opening  it  should  again  be  im- 
mersed  in  the  paraffin  and  the  operation  repeated  until  satisfaetory.  It  re- 
quires  very  little  practice  to  do  this  successfully. 


METHOD  OF  OPEBATION  WITH  HIBTTDIN 

Oxalated  and  citrated  plasmas  are  well  known  in  the  physiological  labora- 
tories  and  sodium  citrate  is  reported  to  have  been  used  as  an  anticoagulant  for 
small  quantities  of  transfused  blood.  Oxalates  and  citrates  aet  by  fixing  the 
calciiim  of  the  blood,  which  is  a  necessary  factor  in  spontaneous  coagulation. 
This  decalcification  is,  of  course,  a  change  produced  by  a  chemical  reaction 
in  the  blood,  and  is,  theoretically  at  least,  undesirable.  The  use  of  hinidin 
as  an  anticoagulant  is  not  open  to  this  objection. 

Hirudin  is  derived  from  the  buccal  glands  of  the  pond  leech  and  has  been 
classed  by  Franz  (196)  as  a  secondary  albumose.  Its  physiological  properties 
are  variously  regarded  by  diflFerent  investigators.  Morawitz  (204)  believes  that 
it  acts  by  neutralizing  thrombin  or  prothrombin  (thrombogen).  Mellanby 
(203)  concludes,  from  what  appears  to  be  substantial  experimental  evidence, 
that  hirudin  contains  an  antibody  for  prothrombin  and  also  a  very  energetio 
antibody  for  thromboplastin  (kmase). 

It  may  be  fairly  concluded  from  the  available  evidence  that  hirudin  has  a 
decided  effect  upon  the  prothrombin-antithrombin  balance  and  that  it  has  a 
neutralizing  action  on  thromboplastin. 

There  is  considerable  literature  on  the  experimental  use  of  hirudin  and  there  are 
some  reports  upon  its  therapeutic  use  by  intravenous  injection  for  eclampsia,  but  no 
mention  of  its  use  as  an  anticoa^lant  for  transfusing  blood. 

From  the  authors'  experimental  work  it  has  become  evideut  that  hirudin  affords 
a  convenient  alternative  for  the  paraffin  method  of  transfusion  undcr  most  circum- 
stances  (209).  The  amount  of  hirudin  necessarj  with  our  apparatiis  is  so  small  that 
its  u?e  may  not  be  contra-indicated  even  in  those  pathological  conditions  whore  there 
is  already  an  exce88  of  antithrombin  or  a  deficiency  of  prothrombin  in  the  circulating 
blood  of  the  recipient. 

Eaposi  (200)  has  given  40  mg.  of  hirudin  to  a  2,000  gm.  rabbit.  Cowie  (189)  has 
giTen  85  intravenous  injections  of  hirudin  to  a  rabbit  in  doses  inereasing  from  10  mg. 
*«  M 1        «1  ''iiined  this  last  dosage  unt?^  ♦*•**  ^*^«1  injection,  the  total 

vs.    At  the  end  of  t  »imal  had  gaine«! 

•fectlj  welL    Bor  ven  23  to  73.25 
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mg.  pro,  kilogram  of  body  weight  to  rabbits,  and  states  that  it  has  no  influence  on  the 
circulation  or  the  respiration,  and  is  in  no  other  way  harmful  to  the  animaL  Von 
Hertzen  and  Ohman  (198)  have  confirmed  Bodong^s  observation  in  a  series  of  12  ex- 
periments  and  eoneluded  that  hirudin  has  no  disturbing  effect  upon  the  heart  and  blood 
vessels.  Abel,  Rowntree  and  Tumer  (182)  have  used  very  large  quantities  of  hirudin 
in  ^Vividiffusion"  exi)eriment8  on  dogs  without  apparently  impairing  the  health  or 
normal  phjrsiological  condition  of  the  surviving  animals.  Dienst  (192)  rei)ort8  that  he 
has  given  200  mg.  in  50  c.  c.  of  salt  solution  by  intravenous  injection  to  a  patient  with 
very  severe  eclampsia  with  most  exeellent  results;  and  Engehnann  (194,  195)  has  re- 
ported  17  cases  of  eclampsia  treated  in  this  way  with  doses  of  200  to  300  mg. 


In  making  use  of  hirudin  for  transfusion  we  have  employed  our  regular 
pipeta  and  eannulas,  but  have  simplified  the  preparation  of  the  pipeta.  No  coat- 
ing  of  parafBn  is  applied  to  the  cjlinders  but  only  to  the  tip  and  neck  of  the 
pipet.  This  partial  coating  is  done  by  aspirating  a  small  quantity  of  the  sterile 
melted  paraffin  mixture  at  a  temperature  of  70''  to  80^  C.  (158''  to  176°  F.) 
just  vvithin  the  neck  of  the  cylinder  and  expelling  it  again,  with  the  same  pre- 
cautions  against  blocking  the  tip  with  paraffin  which  have  been  mentioned 
above  imder  second  coating.  This  use  of  paraffin,  from  the  tip  to  the  neck,  is 
primarily  to  insure  an  air-tight  junction  of  the  pipet-tip  with  the  metal  bushing, 
and  of  the  latter  with  the  neck  of  the  cylinder,  but  it  also  has  an  undoubtedly 
valuable  effect  in  lessening  thromboplastin  formation  during  aspiration  of  the 
blood,  and  permits  the  employment  of  a  minimal  quantity  of  hirudin. 

Coating  the  Pipeta  with  Hirudin. — If  the  commercial  preparation  of  hiru- 
din is  employed,  one  10-mg.  tube  is  sufficient  to  coat  from  4  to  5  pipeta.  The 
label  is  aoaked  off  the  tube  of  hirudin,  and  one  end  of  the  tube  ia  well  acored 
with  a  file  to  inaure  easy  breakage.  At  the  time  of  operation  the  tube  ia  im- 
mersed  in  a  amall  tray  of  alcohol  to  sterilize  its  exterior.  The  aolution  of 
hirudin  may  be  previou8ly  prepared  or  it  can  be  made  up  conveniently  as  aoon 
aa  the  irrigation  apparatus  has  been  set  up.  Under  sterile  precautions  4.5  ccm. 
of  0.9  per  cent.  sodium  chlorid  solution  are  nm  off  from  one  of  the  irrigating 
tips  into  a  sterile  calibrated  cylinder.  The  hirudin  tube  is  then  broken  in  a 
piece  of  gauze  like  a  tube  of  catgut,  čare  being  taken  that  the  hirudin  is  ahaken 
down  into  the  other  end  before  breaking  off  the  end  which  lias  been  marked  by 
the  file.  The  hirudin  can  now  be  dissolved  by  adding  one  or  two  ccm.  of  the 
aalt  solution  from  the  calibrated  cylinder,  shaking  well,  and  washing  back  and 
fortli  until  ali  the  hirudin  is  dissolved.  This  solution,  which  has  a  dilution 
of  1-450,  is  transferred  to  one  of  the  paraffin-sealed  pipets,  by  removing  the 
rubber  stopper  and  air-filter,  and  pouring  in  the  hirudin  while  holding  the 
pipet  in  the  horizontal  position.  The  rubber  stopper  is  then  replaced,  and, 
whilo  stili  holding  tlie  pipet  in  the  horizontal  position  with  the  tip  pointing 
upward,  the  hirudin  solution  is  flowed  over  tlie  inside  of  the  pipet,  rotating 
and  shaking  the  latter  so  that  the  whole  interior  is  eompletely  and  thoroii^ily 
wet  by  the  liquid.  When  this  is  done  the  neck  portion  of  the  pipet  18  ooated  in. 
a  similar  manner  by  tilting  up  the  pipet,  and  the  liquid  is  then  alloW6d  to  mOk 
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out  of  the  tip,  back  into  the  receptacle  in  which  it  was  mixed,  or  else  directly 
into  the  next  pipet  which  is  to  be  coated.  It  takes  from  1  to  1.5  c.  c.  of  the 
hinidiii  sohition  to  eoat  a  pipet  in  this  maiiner,  and  when  so  coated,  the  pipets 
are  readv  for  immediate  use  and  should  be  plaeed  in  the  horizontal  position 
uutil  required. 

With  the  exception  of  the  preparation  of  the  pipets  as  noted,  the  operation 
with  hirndin  is  condueted  in  precisely  the  same  way  as  with  the  paraffin-coated 
apparatuB. 
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CHAPTER   X 

THE   SURGICAL   TREATMENT   OF   ANEURYSM 

James  M.  Hitzeot 

The  treatment  of  aneurjsm  is  usuallj  divided  into  medical  and  surgical 
treatment.  This  chapter  has  nothing  to  do  with  the  former,  except  in  so  far  as 
measures  spoken  of  as  purely  medical  may  act  as  adjuncts  for  the  preparation 
for  strictlj  surgical  methods. 

Among  the  medical  methods  usually  enumerated,  rest  in  the  horizontal  posi- 
tion  may  be  considered  as  an  important  adjunct  in  the  preparatory  treatment 
for  a  surgical  procedure.  Rest  reduces  the  pulse  rate  approximately  10  beats 
per  minute,  or  14,400  beats  in  the  24  hours.  Rest  in  the  horizontal  position 
furthermore  reduces  the  general  blood-pressure  about  10  mm.  of  Hg. 

Hence  rest  not  only  decreases  the  force  of  the  arterial  impact  against  the 
aneurysmal  wall,  but  likewise  decreases  the  number  of  these  impacts.  With  the 
decrease  in  the  force  and  number  of  the  impacts,  a  resulting  decrease  in  the 
size  of  the  sac  may  be  obtained,  and  thus  rest  is  of  value  both  in  intemal  and 
in  traumatic  aneurysm,  preparatory  to  surgical  interference. 

Bomhaupt,  Saigo,  Kikuzi,  Makins,  and  others,  advise  delay  from  4  to  6 
weeks,  in  operating  on  traumatic  aneurysm,  and  during  this  period,  or  a  large 
part  of  it,  rest  will  materially  lessen  the  discomfort  of  the  patient,  and  will 
tend  to  limit  the  size  of  the  aneurysmal  sac. 

The  purely  surgical  treatment  includes  ali  forms  of  external  measures  used 
directly  on  the  aneurysmal  sac,  and  includes  the  application  of  ice  (refrigera- 
tion),  compression,  acupuncture,  wiring  (with  or  without  electrolvsis),  liga- 
tion,  the  various  constricting  appliances  to  produce  gradual  occlusion  of  the 
artery,  IIalsted's  bands,  elastic  ligatures,  Keen's  compressor,  Stratton's  com- 
pressor,  etc. ;  the  radical  operations  on  the  sac  itself,  aneurysmotomy  with  in- 
trasaccular  ligation,  the  operations  devised  bv  Matas,  endo-aneurysmorrhaphy 
and  aneury8moplasty ;  and  aneurysmectomy  with  arteriorrhaphy  or  angioplasty. 


REFRIOERATION 


The  applicatioi  ^ag  is  used  to  inhibit  tlio  congestion  about  the 

aneurysmal  sac  and  viceablo  in  traumatic  aneurysin  and  as  a  pallia- 

tive  measure  in  ino]  vsms. 

3G3 
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COBIPRESSION 

Compression  may  be  used  as  a  direct  pressiire  on  the  aneurjsm  itself,  or  in- 
direct  pressiiro,  i.  e.  pressiire  iipon  the  artery  above  or  below  the  sac  or  both. 

Direct  pressure  upon  the  aneurjsmal  sac  should  never  be  used  inasmuch  ai 
compression  thus  produced  is  likely  to  cause  results  more  dangerons  than  the 
aneiirysm  itself. 

Indirect  pressure  is  applied  as  digital  pressure,  pressure  by  instruments, 
by  tourniquet,  or  by  posture  (flexion). 

Digital  pressure  is  made  by  a  number  of  assistants  working  in  pairs.  Caie 
should  be  taken  to  shift  the  pressure  of  the  digits  to  different  areas  of  the  skin. 
"Ether  or  morphin  should  be  used  when  the  patient  bc^ns  to  eomplain  of 
pain"  (Stimson).  The  application  of  digital  pressure  should  be  divided  intoa 
number  of  sittings  of  4  hours  cach,  and  should  be  eontinued  from  24  to  36 
hours.  After  36  hours,  the  chances  for  a  cure  are  very  slight,  and  the  treat- 
ment,  if  unsuceessful  after  that  tirne,  should  be  abandoned  (Delbet). 

The  method  is  difficult  to  carry  out,  and  gangrene  is  prone  to  oceur,  espe- 
cially  if  the  digital  pressure  is  unsteady.  "Recovery  may  be  expected  in  fiftj 
per  cent.    Gangrene  occurs  in  six  per  cent."  (Matas). 

Instnimental  compression  wa8  practiced  by  many  instruments  invented  for 
that  purpose  for  application  to  the  abdominal  aorta.  It  is  applicable  only  in  a 
few  selected  cases  and  of  little  value  because  the  time  limit  of  compression  of 
the  abdominal  aorta  is  so  short. 

Elastic  Compression — £eid's  Method. — This  method  consists  in  the  firm  ap- 
plication of  an  elastic  bandage  from  the  periphery  of  the  extremity  up  to  the 
sac,  then  a  few  light  turns  of  the  bandage  over  the  sac,  and  from  the  sac  eon- 
tinued in  firm,  even  turns  well  up  the  extremity  so  as  to  compress  the  arterv 
both  distallv  and  proximally.  The  application  is  quite  painful,  and  require8  an 
anesthetic  (Walsham).  The  bandage  should  be  kept  on  for  1  to  2  hours  (1  to 
iy2  hours)  and  then  digital  compression  maintained  on  the  proximal  side  of 
the  main  artery  for  from  36  to  48  hours. 

Delbet  states  that  it  leads  to  gangrene  twice  as  frequently  as  digital  com- 
pression. Stimson  states  that  the  method  failed  to  cure  in  15  per  cent.  of  the 
cases. 

The  method  has  been  modified  by  Gersuny  and  Petit,  who  apply  the  bandage 
at  intermittent  intervals  of  i/>  hour  each  (intermittent  elastic  compression). 

Compression  by  Posture  (Flexion). — This  method  was  successfully  tried  in 
aneurvsnis  in  the  groin,  the  popliteal  space,  and  the  elbow. 

In  applving  the  method,  the  flexion  must  be  sufficient  to  stop  pulsation  in 
the  vessels  distal  to  the  sac.  It  is  painful,  and  must  be  eontinued  from  10  to 
14  davs  to  accomplish  any  result.  Delbet  states  that  it  leads  to  rupture  of  the 
sac  moro  often  than  anv  other  form  of  compression. 

As  a  whole,  compression  in  any  of  its  forms  has  little  to  commend  it  in  oom< 


pariion  witli  the  more  clearly  defined  tar^cal  procedura.  The  reaulti  are  leu 
favorable,  the  dan^n  greater  and  the  inffering  more  marked  than  woald  seem 
JBstiflable  with  modem  progreu  along  »irgioal  linei. 


LIGATUBE 

The  U3e  of  the  ligature  ia  the  oldest  form  of  treatment  and  waB  practioed 
by  Antyllus  in  the  aecond  and  third  centnriea  a.  d.  (nee  Fig.  1). 

The  inethod  described  by  Antyl1us  bas  been  named 
aneurjemotomj  by  Matas. 

It  consiats  in  a  linear  incieion  over  the  sac  along  the 
courae  of  the  artery  carried  far  enough  to  espose  the 
artery  at  its  entrance  and  exit  from  the  sac.  The  vein  is 
then  retraeted  and  the  artery  tied  close  to  the  sac  at  its 
entrance  and  exit.  \Vhen  these  ligaturee  are  tied,  a  small 
incision  is  made  iuto  the  sac  and  its  contents  evacnated. 

With  the  adveiit  of  the  Esniarch  bandage,  that  ia,  in 
modem  times,  this  form  of  constriction  is  applied  before 
proceeding  to  the  operation  above  described.  After  the 
ligation  of  the  main  vessel,  the  bandage  is  released. 
Should  any  bleeding  occiir  due  to  entering  collateral  ves- 
sels,  the  bandage  should  be  tightened,  and  the  collaterals 
tied  after  dissecting  them  free  or  by  intrasaccular  liga- 
ture after  the  method  of  Annandale,  or  the  obliterative 
endo-aneuryamorrhaphy  of  Matas  may  be  practiced. 

Mikulicz  modified  the  Antyllian  operation  by  divid- 
ing  it  into  two  stages.  His  first  stage  consisted  in  the 
ligation  of  the  artery  on  the  proximal  side  (Anel  or 
Desault-Hiinter  type — v.  infra).  When  the  circulation 
in  the  sac  had  dccreased  and  the  sac  had  diniinished  in 
size,  the  sac  was  punctured  by  a  small  incision  and  the 
clot  evacnated  (his  second  stage). 

This  modification  of  the  older  method  bas  little  to 
commend  it,  as  pointed  ont  by  Alatas,  dne  to  the  occur- 
rence  of  hemorrhage  dnring  the  second  stnge  of  the  opera- 
tion or  hemorrhage  follovving  that  procedure  at  a  later        ofmc. 
period. 

PhiJagriiis  or  T'iinMiin  (  HiSD)  fnrther  modified  the  Antvilinn  op.Tution  by 
the  extirpntii)ri  of  Uii-  aac  after  li(ration  of  the  vessel«  (aneurvsinectnntv). 

The  steps  in  tliia  operation  to  which  nttfntion  niusUi^^id  are  preliminary 
t,control  of  tLe  ciroulaliim.  iitiVn-nt  and  efferent,  and^^identifioation  of  the 
(ompanion  voia. 

%  be  controlled  by 


lo,  1. — Method  or  An- 
Tti.i.DS.  PruKimal  and 
dititul   lioBti^ni  rlofle  to 
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circular  constriction.  The  vessels  are  then  exposed  by  dissection  and  ligated, 
or  the  vessels  inay  be  controlled  by  the  various  clamps  described  by  Crile, 
Matas,  Billroth,  etc. 

Where  circular  constriction  is  impossible  (in  the  neck,  for  exaniple),  the 
arteries  must  bo  exposed  by  dissection  and  ligated  or  clamped,  as  the  ease 
may  be. 

This  preliminary  hemostasis  is  absolutelj  essential  for  the  oarrjring  ont  of  the 
operation  and  neglect  of  it  msLj  lead  to  serious  if  not  f atal  hemorrhage. 

The  identification  of  the  companion  vein  is  often  diflScult.  Koehler  has 
devised  the  following  exp«dient  to  render  its  identification  possible.  In  pop- 
liteal  aneurysm8,  for  example,  he  applies  a  circular  rubber  bandage  below  the 
aneury8in  at  a  sufRcient  distance  to  permit  of  easy  access  to  the  sac  From  the 
upper  level  of  this  constricting  bandage  a  second  rubber  bandage  is  applied  in 
firm  circular  turns  well  up  to  the  middle  of  the  thigh,  to  squeeze  out  the  blood 
and  cut  oflF  the  circulation  bevond  it.  The  lower  turns  are  then  released  up  to 
the  last  few  upper  turns,  leaving  the  region  of  the  sac,  and  a  wide  zone 
about  it,  completely  anemic.  If  in  exposing  the  sac  it  is  difiicult  to  deter- 
mine  the  location  or  permanency  of  the  vein,  the  lower  bandage  is  released, 
and  the  vein  will  fiU  up,  thus  giving  a  clew  to  its  location  and  its  per- 
meability. 

If  the  vein  is  so  adherent  in  the  wall  of  the  sac  that  its  dissection  is  difficult 
or  impossible,  Sonnenberg  advises  leaving  behind  the  piece  of  the  sac  to  which 
the  vein  is  adherent. 

Matas  lavs  especial  stress  upon  the  preservation  of  the  vein  and  believes 
that  the  extirpation  of  the  vein  must  alway8  be  regarded  as  dangerous  to  the 
future  vitalitv  of  the  limb. 

Bearing  in  mind  the  above  cautions,  the  aneury8mal  sac  is  expo6ed  by  free 
incision  and  the  affercnt  and  efferent  vessels  exposed.  The  sac  is  then  dissected 
free  by  blunt  dissection,  čare  being  taken  to  avoid  injury  to  the  veins  and  nerves 
which  are  flattened  out  on  various  regions  of  the  sac.  If  possible  the  sac  should 
be  dissected  free  intact,  and  ali  coUateral  vessels  entering  it  ligated  or  clamped 
before  division. 

When  the  sac  is  frecd  sufRciently,  the  main  vessels  are  ligated  or  clamped 
and  divided  and  the  sac  removed. 

If  anv  injury  to  the  vein  occurs,  it  should  be  repaired  by  suture  with  vcry 
fine  silk,  if  the  vein  has  given  evidence  of  patency.  If  obliterated,  it  may  be 
tied. 

The  upper  constricting  bandage  is  then  removed,  and  ali  bleeding  points 
caught  and  tied.  For  success,  it  is  essential  that  the  hemostasis  be  perfect  and 
absoluto,  so  that  a  perfectlv  drv,  clean  wound  is  left. 

\Vhon  this  is  obtainod,  the  wound  is  closed  in  layer8  without  drainage  and 
dressed  with  sterile  gauze  in  such  a  manner  as  to  avoid  any  compression  of  the 
wound  or  limb  because  of  the  danger  of  interference  with  the  peripheral  circu- 
lation. 


T.IGATURK 


It  is  also  eaaential  to  atate  tliat  the  highest  fomi  of  aaeptic  aiirgical  tecbnic 
!a  absoliitelv  csaential  to  auccesa. 

The  daiigers  incident  to  the  operation  are  gangrene  of  a  part  or  ali  of  tha 
liiub  peripiieral  to  the  arca  of  the  operation,  infection 
aiid  secondarv  heinorrhage,  and  aucli  late  effecta  aa  edema 
of  tiie  limb,  trophic  nerve  disturbanuca,  pain  and  liniita- 
tiou  of  function  in  the  proximal  joint,  etc. 

The  poatoperative  treatniejit  aho»ld  coniprise  ali 
methoda  which  will  tend  to  aid  in  the  eatahliabment  and 
iiiaintenau(;e  of  the  collateral  eircnlation. 

TLe  limb  ahoiild  bc  elevated  and  kept  wann.  If  the 
extreniity  remaina  cold  after  the  aecond  postopcrativc 
hoiir.  the  Hiiib  should  be  placed  in  a  Hier  bot-air  ap- 
paratiis,  or  in  a  covered  teut  and 
hot  aii"  iiitroduced  through  a  pipe, 
siich  as  ia  used  in  giviug  the  hot-air 
bat  h  to  uremic  patienta. 

\Vhen  the  \rownd  ia  healed,  hot- 
water  batha,  eapeciallj  those  con- 
taining  salt,  hot  aand  batha,  static 
eleetrieitv.  and  g  e  n  t  i  e  maaaagc, 
should  be  used  to  inareaae  the  cir- 
cnlation.  The  proxi»]al  j  o  i  n  t 
ahouid  be  baked  and  massaged  and 
aubniitted  to  gentle  pasaive  move- 
nienta  aa  aoon  aa  compatible  with 
the  healing  of  the  wound,  nsnallv 
toward  the  eud  of  the  second  week. 
Active  uae  of  the  limb,  especial- 
Iy  the  leg  in  walking,   ahould   be 

probibited  until  the  circidiition  is  so  well  eatablisbed  that 
no  marked  edema  occnra  upon  atanding. 

Too  earlv  uae  often  leada  to  irreducible  Bwelling  in,' 
the  limb  distal  to  the  zone  of  operation,  and  onco  eatab-l 
liahed,  it  is  not  likelj  to  be  relieved. 

Delbet  regards  extirpation  as  the  ideal  oppratiou. 
that  the  ciire  is  more  coniplete,  and  gangrene  is  leas  apt 
to  occur  after  extirpation  than  in  the  other  forma  of  liga- 
tion.  Matns,  howovcr,  doea  not  believe  that  the  ideal  haa 
been  obtained  in  estirpation. 

Frozimal  LigatiotL— Anel    (1710)    ligated   tho   artery 

on  Uie  proKimal  side  close  to  the  sac  without  opening  the  sac.     (See  Fig.  2.) 

Desaiilt,  in  June,  1785,  and  Iluntcr,  in  December  of  the  anme  year,  ligated 

the  artery  on  the  proiimal  side  at  aome  distance  from  the  eac     Huntera  idea 
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was  to  plaeo  the  lif^ature  at  some  distaiKte  froni  the  sac,  a«  that-it  tied  the  arterv 
at  a  poiiit  in  which  the  vesacl  wall  waa  niore  likely  to  be  normal,  Searpa,  in 
1819,  ligated  tbe  arterv  in  Sc'arpii'a  triaiijtle  for  popliteal  aneurysni  (Scarpa'8 

Froni  tlifi  iiiipetii!)  tims  {živeli  inany  more  operations 

for  aneiiryBin8  were  dono,  aml  it  whb  liiscovered  that  total 

arrest  of  the  blood  etreain  waa  iiniieces8ary  for  a  oiire. 

Later  it  becanie  evident  tliat  auch  failurcg  aa  iHTurrc] 

were  dno  to  the  development  of  a  collateral  cironlatKm 

by  the  way  of  large  braiiches  to  the  ane.     Tlip  liiiatiire 

close  to  the  sac  (Anel)   is  to  be 

prefcrred  lu  proxiiual  ligation  in 

that  it  abiits  off  the  circnlation  at 

oiice  and  thiia  decreaaes  the  aize 

i>(  the  sac. 

Slstal  Ligation  of  the  Veuel. 

— Distal  lipation  arose  as  a  re- 

sult  of  the  treatmeut   for  those 

casee  in  which  proximal  ligation 

waB  too  dangeroiia  or  impoaaible. 
The   diatai    ligation   close   tu 

the  sac  wa9  siiggested  by  Brasdor 

about     17!I0     (Brasdor'8    opera- 

tion),  biit  waa  firat  practiced  by 

Deselmiiipa  in  1"S)8  and  Sir  Ast- 

ley    Cooper    a  b  o  n  t    the    same 

period.     The  earlier  cases  were 

failurea.     (See  Fip.  4.) 

In  182.')  Wardrop  ligated  tbe 

vessel  on  the  distal  aide  at  some 

distuuce  froni  the  sac,  and  in 
\Vardrop's  cases  the  ligature  waa  applied  to  one  of  the 
main  branches  after  it  had  been  given  off  from  the 
parent  veaael,  i.  e.  carotid  artery  in  innominate  an- 
eiirvsui.     (See  Fig.  5.) 

Sesnlts  of  Ligation,  and  Objections  to  This  Ponn  of 
Treatmeut. — "(Jangrene,  howcver,  reniaina  a  serious 
objection  to  aH  methods  of  ligation"  (Mataa).  Tbe 
aneury8ui  may  recur  after  a  rnimber  of  yeara,  six  casea 
collected  by  Uelbet,  and  eigbt  by  Mataa.  The  preaence 
of  the  sac  and  its  acleroais,  furtbermore,  may  caiise  pressiire  on  tbe  includi 
nen^ea  with  peripherai  motor  paralyei3  or  periphera!  seiiaory  nerve  vliunj 
■jas.  Daresthesiaa.  tropbic  »Icors,  etc,  vvhich  remain  until   relieved 


Opebation.      Dislol  li- 

gntion    some     dutsn« 

froni  the  aac.     Wardnn>B 

placed  the  Ligature 

on  a  Diain  bruncli   ftflej 

It   bad    beeo    ^v 

from  tbe   pureut 


WIRINa  369 

Sub-tot»l,  or  partial,  occlusion  of  the  vessel  was  suggested  by  Porta  about 
1850  for  treatmeiit  of  aneiirysm  of  tlie  large  vesaels  in  which  total  occlusion 
would  be  dangeroiis  dne  to  ulceiation,  gangrene,  or  secoiid8ry  hemorrliage. 

For  thia  lie  recommended  differcnt  fomis  of  partial  compre^sion  by  varioiia 
instrumenta,  elastic  ligatufes,  or  a  series  of  gradually  contracting  ligatures. 

Haletcd  in  1906  placed  tbe  mcthod  on  a  modem  surgical  basis  by  produeing 
gradual  occlusion  of  tbe  arterj  by  the  uee  of  aluminum  bands.  He  advises  tbe 
use  of  bands  of  32  to  36  thickness  (sbeet  metal  gauge)  and  bas  devised  a  set  of 
Instruments  for  tbe  application  of  tbe  bands  to  tbe  vessel. 


NEEDLINO 

Needting  consists  in  tbe  introduction  of  a  long  needle  ittto  tbe  aneurrsiii  so 
that  it  scratcbes  tbe  intima  sufflcicntly  to  irrigate  it  and  pennit  tbe  deposition 
of  a  fibrinoplastic  exudate  upon  tbe  injured  wall.  Tbe  needle  is  left  inside  tbe 
BEC  for  24  bours  and  frequently  moved  from  plače  to  place  to  increase  the  zone 
of  the  irritation. 

The  method  bas  no  practical  value  becauae  of  tbe  uncertainty  of  its  action 
and  tbe  fact  that  tbe  wall  of  tbe  sac  is  usually  lincd  with  laminated  plastio 
exudate,  wbicb  is  disturbed  rather  than  increased  in  the  procesa. 


WIEIHa 

XoQre't  Xethod. — Moore  iutroduced  fine  silver  wire  into  tbe  sac  witb  the 
idea  of  forming  a  framowork  for  the  fibrin  to  become  deposited  upon.  Later, 
iron,  Steel,  and  copper  wire;  catgut  (Abbe) ;  horse-hair,  fine  metal  wateh 
springa  (Bacelli  and  Montenovessi )  were  employed. 

Tbe  inethod  bas  eertain  elements  of  danger  in  tbat  the  wires,  etc,  may 
migratc  even  into  tbe  left  ventricie  of  the  heart  (Ballance,  Parkam,  quoted  by 
Katas). 

Wiriag  with  Electrolyua — Hoore-Corradi  Hethod. — Oorradi  (1879)  in  addi- 
tion  to  introducing  the  wire  as  a  frnniework,  passed  an  electrie  ciirrent  through 
the  wires,  to  cause  eIectroly8is  of  the  fluid  blood  in  the  sac,  and  to  basten  tbe 
depoaition  of  fibrin  on  tbe  framework  formcd  by  the  wires.  The  metbod  ia 
applicable  main]y  to  thoracic  and  abdominal  aneurvsm. 

Varions  tvpes  of  wire8  are  recommended.  Silver  wire,  silver  copper  wire 
(FinDey  and  Ilunner)  ;  gold  wire  (Stewart),  and  gold  platinum  "CIaap"  alloy 
wire  (Lusk). 

ics  long  and 

Ijich  wil]  jirodiice  a 

i  aplion  of  the 
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Lusk  furthermore  recommends  using  a  gold  needle  insulated  with  a  cover- 
ing  of  porcelain  enamel  of  a  caliber  just  large  enough  to  admit  the  28  wire  with- 
out  friction. 

Lusk  States,  ^^The  wire  at  its  introducer  extreinity  should  be  spirally  sbaped. 
To  prevent  snarling  during  the  introduction  of  the  wire,  the  spiral  extremity, 
freed  from  its  position  of  fixation,  should  first  be  started  through  the  needle 
before  the  binding  wire  is  removed  from  the  coil,  after  which  the  binding  wire 
should  be  removed,  and  then  the  loops  can  be  kept  from  crossing  one  another 
by  finger  pressure  over  the  site  of  the  binding  coil,  which  maintains  the  orderlv 
arrangements  of  the  loops  so  that  they  will  unwind  without  tangling.  The  grip 
for  holding  the  coil  is  to  hold  it  in  the  middle,  ring,  and  little  fingers  and  the 
palm  of  one  hand,  which  leaves  the  thumb  and  index  finger  free  for  assisting 
the  other  hand  with  the  manipulation  of  the  wire.  As  the  wire,  thus  held,  is 
now  introduced,  it  uncoils  from  oflF  the  hand  after  the  manner  of  uncoiling  a 
rope.  This  transmits  a  twi8t  through  the  introduced  wire  with  the  passage  of 
each  loop,  which,  through  the  resiliency  of  the  wire,  enables  the  loops  to  reform 
within  the  sac.  The  technic  of  passing  the  wire  through  the  needle  should  be 
practiced  in  the  open  previous  to  operation. 

The  needle  should  be  boiled  in  distilled  water. 

The  negative  electrode  should  be  placed  against  the  back  directly  over  the 
area  which  corresponds  to  the  situation  of  the  aneurysm,  and  should  be  larger 
than  the  aneurysm. 

The  external  portion  of  the  wire  should  trail  over  a  piece  of  rubber  dam 
during  the  passage  of  the  current. 

The  current  should  be  started  at  100  ma.  for  15  minutes,  and  then  the 
current  should  be  gradually  lowered  to  50,  40,  and  30  ma.  each  for  15  minutes. 
The  positive  pole  should  be  attached  to  the  gold  wire,  and  the  negative  electrode 
placed  upon  the  back." 

The  needle  should  be  inserted  through  a  thick  portion  of  the  aneurysmal 
wall.  Should  hemorrhage  occur  upon  its  removal,  the  wire  which  was  sheathed 
by  the  needle  should  be  pulled  upon  till  one  of  the  intrasaccular  coils  with  its 
attached  fibrin  is  brought  in  contact  with  the  site  of  the  puncture,  when  bleeding 
will  stop.  Should  this  fail  to  stop  the  hemorrhage.  Lusk  suggests  the  passage 
of  a  50  ma.  current  through  the  wire  for  about  3  minutes.  (In  his  experi- 
ence,  the  time  required  to  control  the  hemorrhage  never  exceeded  nine  minutes.) 
The  projecting  wire  is  then  cut  off  close  to  the  sac  and  the  skin  wound  closed. 


ENDO.ANEURYSMORRHAPHY  AND   ANEXTRYSMOPLASTY    (THE 

MATAS  OPERATIONS) 

The  operations  devised  by  Matas  consist  in  intrasaccular  suture  of  the  open- 
ing  or  openings  into  the  sac  to  cut  off  from  the  sac  ali  vascular  Communications 
with  it.     He  divides  his  operations  into  three  types. 
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Type  1. — Obliterative  endo-aneurjsmorrhaphv  in  which  aH  the  openings  in 
the  aac  are  closcd  by  sutnrea  so  placed  as  to  conipIetcIy  close  tlie  vaacular  stomata 
which  enter  the  aac.  The  method  is  egaentially  an  intraaaccular  HgatioD  of  the 
arteries,  which  communi- 
cate  with  the  sae,  and  in 
tliia  firat  type  the  parent 
artery  is  obliterated  by  the 
autures. 

Type  2. — Endo-aneu- 
ry8morrhaphy  with  partial 
arterioplastj"  (reatorative 
endo-anourv8morrh8phy) . 

T  h  is  type  ia  sni  table 
for  saeculated  aneuryBma 
with  a  single  vaacnlar 
opeiiing  into  the  sae.  Ey 
sntnrea  properly  placed, 
the  opening  into  the  sae 
wall  is  closed  and  the  con- 
tinuity  of  tlie  parent  vesBcl 
preserved  by  an  arterio- 
plaaty  done  within  the  aac 
wall     (Fig.  7.) 

Type  3. — Endo-aneu- 
rjsmorrhaphj  with  recon- 
atmetive  arteriop]asty  (re- 
čen structi  ve  endo-aneury8- 
moiThaphy  or  aneurysmo- 
plasty).     (Fig.a.)  _ 

This  vari  a  ti  on  ia  ap- 
plioable  BoleIy  to  fusiform 
aneurysma  in  which  the 
sae  wal1a  are  firm  and  resistant,  and  the  two  openings  leadin^;  to  the  main  artery 
lie  at  the  aame  level  and  are  in  cloee  proximity  and  visihle  in  tlie  bottom  of  the 
sae,  in  a  siiporticial,  easily  acccasible  sae. 

The  eaaential  featiiree  of  the  operation  consist  in  reconstnicting  a  new 
artery  out  of  the  walls  of  the  sae. 

A  rubber  cathpter  or  a  biliary  hammer  of  Halsted  is  inserted  into  the  two 
arferial  openings  and  fine  slik  or  chroraic  autiirea  inaerted  and  so  placed  as  to 
reconstruct  the  himen  of  the  vesael  over  this  giiide.  Befoi*'  *' '  '^^•*  central 
Butures  the  gnide  is  removed,  and  the  snturea  are  O*  ij 

and  reconstruct  ing  the  lumen  of  the  main  veise 

The  operationa  of  this  type  are  called  fi 
tion  of  the  sae  is  favorahle  for  reconatroc 


Fio.  6. — DiAORAU  OF  Oblitibativb  ENI>0-A^ 

Note  tbe  inclUBioD  of  tbe  poaterior  wall  of  the  arterj'  in  the 
mitUTM,  and  a\ao  tho  collaterola  closed  by  suture.  (After 
Mfttas.) 
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the  collateral  circulation  is  insufficient.  In  the  latter  condition,  although  the 
reconstructed  vessel,  especially  in  atheromatous  vessels,  will  function  only  for  a 
short  tirne,  that  short  period  may  be  suffieient  to  permit  of  the  establishment  of 
a  sufBcient  collateral  circulation.  Should  a  secondary  aneurysmal  dilatation 
occur  at  the  side  of  the  reconstruction,  an  obliterative  endo-aneurysmorrhaphy 
mav  then  be  carried  out  without  the  previous  great  danger  of  gangrene  since  the 
collateral  circulation  will  have  become  established  in  the  interira. 

The  method  is  furthermore  e8pecially  applicable  in  trauraatic  aneury8ni  in 
which  the  question  of  atheromatous  change  does  not  enter  and  in  these  cases 
should  be  as  successful  as  arteriopla8ty,  as  carried  by  the  Carrell  or  other 
methods  and  will  probably  show  a  no  larger  number  of  f  ailures. 

The  suture  material  should  be  fine  silk  dipped  in  vaselin,  or  number  O  or 
00  chromic  catgut. 

The  needle  best  adapted  for  endo-aneurysmorrhaphy  are  the  half  and  full 
curved  intestinal  needles  of  the  Murphy,  Fergusson,  or  Kirby  tvpe,  conjunctival 
needles  or  the  staphylorrhaphy  needles  of  Lane  (if  the  opening  is  small). 

In  placing  the  sutures,  a  firm  bite  «hould  be  taken  upon  the  sac  wall.  No 
attempt  should  be  made  to  freshen  the  edges  of  the  sac  about  to  be  approxi- 
mated.  As  Matas  has  stated  so  frequently  this  preliminary  denudation  of  the 
margin  to  be  sutured  is  more  apt  to  cause  failure  of  than  to  aid  in  the  repair 
process.  The  primary  layers  of  sutures  should  be  reinforced  if  possible  by  a 
secondary  tier  which  should  be  a  continuous  running  suture  which  grasps  and 
approximates  the  wall  of  the  sac  and  draws  it  over  the  first  tier  and  rein- 
forces  it. 

The  treatment  of  the  sac  after  the  closure  of  the  arterial  stomata  bv  one  of 
the  above  methods  is  described  by  Matas  under  five  different  headings. 

1. — Total  Obliteration  of  the  Sac  hj  Suture  and  Inversion  of  the  Skin  Flaps. 
— The  method  consists  in  closing  the  sac  by  a  continuous  stitch  which  begins 
at  one  pole  and  is  whipped  across  the  sac  wall  to  the  opposite  pole  until  that 
portion  of  the  sac  wall  included  in  the  suture  is  corapletely  approximated  in  the 
midline.  A  suffieient  number  of  layers  of  these  sutures  are  applied  to  bring  the 
closure  of  the  sac  wall  close  to  the  surface.  When  this  step  is  completed,  any 
excess  of  the  sac  is  folded  upon  itself  and  stretched  together  by  stitches  which 
pass  through  the  skin  and  are  tied  upon  a  gauze  roll,  and  the  superimposed  skin 
closed  by  a  suture  which  includes  the  linear  approximation  of  the  sac  wall  (see 
illustration). 

If  the  dead  spaces  are  carefullv  obliterated,  no  drainage  is  necessary. 
2. — Total  Obliteration  of  the  Sac  by  Suture,  Leaving  the  Sac  Buried  in  the 
Wound. — This  method  is  applicable  to  small  aneurvsms  deep  in  the  tissues  in 
which  the  skin  flaps  are  not  large  enough  to  invert.  The  closure  of  the  arterial 
opening  and  the  superimposed  lavers  of  stitches  are  placed  as  in  the  first  method 
and  the  skin  and  other  tissues  are  closed  in  lavers  upon  the  sac. 

3. — Lining  the  Wall  of  the  Sac  with  Skin  Flaps  or  Grafts. — In  this  method 
the  sac  is  not  obliterated  but  the  skin  is  mobilized  and  the  edges  tacked  down 
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to  the  bottom  o£  tbe  sac  in  a  manner  aimilar  to  that  used  by  Neuber  in  bone 
cavities.  li  tlie  flapa  are  insiifficient,  the  areaa  left  may  be  covered  by  skin 
^afts,  either  at  tbe  tirne  of  the  operatinii  or  at  a  later  date  when  granulationa 
ha^ve  formed.  Matas  siiggests  iisiiig  pediinciilated  flaps  aa  a  poasible  eovering 
for  the  sae  in  certaln  aasea,  but  the  niethod  would  aeein  of  doiibtfiil  iitility  in 
vic^Av  of  the  diatnrhod  circnlatory  conditiona  whieh  exist  in  the  akin  about  the 
sacr  ivali.  A  sloughing  flap  woii!d,  I  believe,  be  more  dangeroua  than  open 
p^crking  of  the  wound. 

The  method  ia  applicable  to  large  aneury8in8  with  rigid  wa1l8,  and  eapecia!ly 
popliteal  saea  which  are  adherent  to  the  femur  and  the  ligaments  about  the 
kn^o  joint. 

4. — Partial  Obliteration  of  the  Sac,  Exciaion  of  the  Superfluous  Portions  of  the 
&^c  and  Facking  the  Space  Left  by  Gauze  Saturated  with  Balsam  of  Pero.  — Tlie 
method  is  udaptcd  m  riiptiired  or  intVvted  sacs  with  irr<.^ukr  divcrticnla; 
vcliicli  do  not  pemiit  of  obliteration  by  auy  of  the  foregoing  methoda. 

This  mothod  wa9  aueee8afully  used  in  a  caae  of  tho  writer'a  in  which  thore 
*"a^  a  traumatic  aneurjam  of  the  profunda  femoris  in  a  eubtrochautcric  frač- 
tur«  of  tlie  femur,  The  circulation  waa  controlled  by  digital  preaaure  of  the 
feiTioral  againat  the  pubia,  the  sac  opened,  the  clots  evacuated,  and  the  ragged 
'^tcral  tear  in  the  veaael  closed  by  the  obliterativo  auture  deacribed  under  oblit- 
^^**.tive  endo-aneurysmorrhaphy.  Since  a  large  part  of  the  aac  was  formed  by 
^vt  femur  and  the  callus  thrown  out  aboiit  the  angulated  overriding  fragmenta, 
"•  "Sffaa  not  poaaible  to  obliterate  any  except  a  very  amall  portion  of  the  aac  juat 
'•~*jaceiit  to  tbe  auture  line  in  the  arterv.  The  wound  wa8  packed  and  bealed 
"3^    granulation  without  8ub8equent  trouhic. 

5. — ^A  Hethod  TJaed  for  Intraperitoneal  Cases  (Ilioc  Aneur^ams) . — The 
f**>tliod  rcsemhiea  tlie  tliird  niethod  above  deacribed  except  thnt  the  pcritoneum 
'*     Vised  to  obliterate  tbo  aac  instead  of  the  skin. 

The  mcthods  deviaed  by  Matas  are  applicable  to  aH  forma  of  aneuryam3  in 
*»-ic!i  primarv  hemoataaia  is  poaaible,  and  havo  aU  the  advantages  of  tlie  Antyl- 
*  operation  without  any  of  that  operation's  dangers  or  diaadvantagea.  Aa  an 
■ative  procedure,  the  technical  detaila  are  not  as  diflicult  aa  ligation  and  ex- 
■•"JMition,  and  the  results  of  the  Mataa  operation  are  better  than  those  derived 
^^ra  any  form  of  ligation, 

It  ia  eaaential  to  emphaaize  one  detail,  namely,  the  proliniinary  hemoataaia. 
,  **iB  may  he  obtained  by  elastic  eonatriction  on  peripheral  veaaela;  by  prelira- 
^*  *»''y  expoauro  of  the  main  veaael  and  hemoataaia  by  temporarv  claraping  of  it 
**^>wtothe  sac  in  axillary,  eubclavian,  carotid,  and  other  aneurvama  oloae  to  the 
'*'  v^ank  (Mataa  uaea  a  apeeial  ciamp  but  atates  that  tbe  ordinary  long,  curvad 
'*^ulic  intestinal  clamps  of  the  Doyen  model  are  equa!ly  aatiBfactory) ;  in 
E^-titenl,  sciatic,  and  obturator  aneury8ms,  by  a  temporary  ligation  of  the  oom- 
"*oii  iliac. 

Por  atatiatical  reporta  the  reader  is  referred  to  Mataa'  articles.     In  the 
*iiter'8  limited  eatperience  (3  cases),  the  method  left  nothing  to  be  deaired,  and 


la.  9. — DlAOnAM  Or  MbTHOD  Or  ObUTEKATINU  THE  SaC  in  OBUTEIUTtVt  EUBO-AMBnBTBMORIIHArtlT 

I— Suture«  obliterating  the  opening  into  the  eac  and  Ihe  parent  vessel.  H — SuperimpoBed  Uyer  ot 
BUtureH  which  reinforce  Iho  firat  tier  and  reduce  the  sise  of  Iho  cavity.  IIl^Ro«  o(  stitche«  wliiph 
approidinuto  ihe  skin  to  tho  enfoldod  lnyprs  which  have  boen  previou9ly  planed  (I  and  II).  IV — 
Stitchps  paased  throutth  Ihe  hac  fnmi  without  iuward  to  approiimst«  Ihp  portion  of  tho  sac  not  ob- 
literalcd  by  tho  previoua  Hutiires,  and  at  the  somi'  tinio  I«  iipproiiniiitc  the  akio  to  the  ase.  (After 
MatBB.) 


Fia.  10. — Diagram  OP  A  METHODOFOiiLiTbHtiiNt,  the  Sac  in  the  Rebtohatitb  and  RHCoKSTacctlV^^ 
Opebations,     I— Lino  of  sutureo  whith  tlo»e  Ihe  opeiiing  into  Ihc  bbo  aud  rcstorp  the  rontjniutv 
o(  the  parent  veaael.     II,  III,  IV,  me  sirnUar  to  thoiie  described  under  niethud  in  Figure  9.     (Afla 
MatBB.) 
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mav  be  said  to  do  ali  that  Matas  has  claimed  for  it.  The  mortality  is  stated 
by  Matas  to  be  2.3  per  cent.,  and  gangrene  occurred  in  1.1  per  cent.,  in  cases  in 
which  the  veins  were  not  ligated,  and  4.4  per  cent.  wlien  the  vein  wa8  ligated. 

Belapse  occurred  only  in  the  reconstructive  cases,  28.9  per  cent.,  so  that 
relapse  is  much  more  common  in  the  reconstructive  type. 

Matas  States  that  the  method  cannot  eliminate  the  dangers  of  gangrene  f  rom 
thrombosis  and  embolism,  but  that  the  method  does  not  8how  these  complica- 
tions  any  more  frequently  than  the  method  of  ligation. 

The  method  furthermore  is  not  applicable  to  intrathoracic  or  intra-abdomi- 
nal  aneurysms,  and  in  these,  wiring  with  electrolysi8  or  the  Halsted  aluminum 
bands  would  find  their  greatest  field  of  usefulness. 


ANEXTRYSBIECT0M7 

IDEAL  ANEU&T8M  OPEBATIONS 

Under  the  term  ideal  aneurysm  operations  Lexer  groups  those  which  re- 
move  the  sac  and  at  the  same  tirne  restore  the  continuity  of  the  vessel,  artery 
or  vein  or  both,  by  varying  forms  of  suture. 

Omi  collected  21  cases  in  which  the  so-called  ideal  operations  for  aneurysm 
have  been  done,  whicli  include  four  cases  of  his  own.  Ile  summarizes  the  types 
of  the  operations  under  the  following  headings : 

1.  Lateral  suture  of  the  artery  alone  (Ileller). 

2.  Lateral  suture  of  the  artery  with  ligation  of  the  vein  (Garre,  Meissner, 
Omi). 

3.  Lateral  suture  of  the  artery  and  the  vein  (Korte). 

4.  Circular  suture  of  the  artery  alone  (Ziembicki,  Oppel,  Enderlen,  Lieb- 
lein,  Einer  Key,  Omi,  Ribera). 

5.  (/ircular  suture  of  the  artery  and  ligation  of  the  vein  (Stich). 

6.  Circular  suture  of  the  arterv  with  lateral  suture  of  the  vein  (Murphy). 

7.  Circular  suture  of  the  artery  and  vein  (Ix3xer,  Auvray). 

8.  Free  transplantation  of  vessels  to  repair  the  deficiency  in  the  artery 
( I^xer,  Omi,  2  cases). 

0.  Circular  suture  of  the  central  end  of  the  artery  to  the  periphcral  end 
of  the  vein  and  the  reverse  (Goyanes). 

10.     Circular  suture  of  the  vein  and  running  stitch  to  close  the  opening  in 
the  artcry  and  vein  (Kiittner). 
Jeger  adds  to  this  list : 

1.  The  end-to-side  anastomosis  of  a  piece  of  vein  on  the  proximal  and 
distal  sides  of  the  involved  vessels  (artery  or  vein)  so  that  the  circulation  might 
pass  by  this  method  to  the  periphery  until  the  collateral  circulation  was  estab- 
lished  (Jeger  andisrael). 

2.  The  implantation  of  a  small  artery  cut  longitudinally,  folded  crosswise 
on  its  long  axi8,  sutured  crossivise  at  the  cut  end  so  that  the  lumen  of  the  trans- 
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plant  is  cqiial  to  that  of  the  larger  vessel  and  the  transplant  thus  formed  mav 
be  then  sutured  by  a  circular  end-to-end  suture  to  fill  in  the  gap  in  the  larger 
vessel  (Jeger  and  II.  Joseph). 

Tscherniaehow8ki  has  collected  aH  the  cases  in  which  the  above  procedures 
for  the  treatment  of  aneiirvsms  have  been  carried  out  up  to  July,  1913,  and 
gives  a  fairly  siiccessful  list  of  sueh  undertakings. 

The  literature  eoraplete  to  that  date  is  appended  to  his  article. 

His  collected  cases  number  47.   The  operative  procedures  are  enumerated  as : 

1.  Lateral  suture  of  an  artery,  16»  cases  [Marchant,  Peugniez,  Le  Fort, 
Garre,  Swiatecki,  Ziembicki  (2  cases),  Morestin,  Sencert,  Tichow  (2  cases), 
Heller,  Bramann  (2  cases),  Meissner,  Jaboulaj]. 

The  result  in  the  16  cases  ( Jaboulay's  čase  wa8  added  after  the  publication 
of  Tschemiachowski's  paper)  was  a  cure  in  13  cases,  death  in  2  cases,  and  re- 
sult not  stated  in  1. 

2.  Lateral  suture  of  a  vein,  7  cases  (Lissianski,  Spishamy,  Veauiu,  Du 
Verger,  Pollard,  Neck,  Palla,  Aubert). 

One  čase  (Neck)  wa3  an  aneurysmal  dilatation  of  the  femoral  vein  and  the 
artery  was  not  involved.  The  artery  in  each  of  the  6  other  cases  was  ligated 
and  the  involved  area  excised  with  the  sac.    A  cure  resulted  in  ali. 

3.  Lateral  suture  of  an  artery  and  a  vein,  9  cases  (Korte,  Wie8inger, 
Potherat,  d' Antona,  Abalos,  Auvray,  Doyen,  Zeidler,  Kiittner). 

A  cure  resulted  in  8  of  these  cases.  In  1  čase  (d' Antona)  infection  of  the 
wound  occurred  and  amputation  of  the  extremity  was  done. 

4.  Circular  suture  of  an  artery,  8  cases  (Dauriac,  Stich,  Goibet,  Lieblein, 
Key,  Orni,  Oppel,  G^Uert). 

In  this  series  1  čase  died  (Dauriac's),  7  cases  were  cured.  In  1  of  the 
cured  cases  there  wa8  weakne88  in  the  infected  limb  (Stich's).  Necrosis  of  the 
terminal  phalanx  of  the  thumb  occurred  in  1  čase  (OppeVs). 

5.  Circular  suture  of  an  artery  and  vein,  4  cases  (Murphy,  Lexer,  Ender- 
len,  Tscherniachowski). 

Ali  the  above  series  were  cured. 

6.  Transplantation  of  vessels,  3  cases  (Gt)yanes,  Lexer,  Pirovano). 
In  this  group  there  were  2  deaths  and  1  recovery  (Goyanes). 

The  regional  situation  in  which  the  above  operations  were  undertaken  are: 
Axillary  artery  in  4  cases ;  brachial  in  5  cases ;  radial  in  1  čase ;  extema1  iliac 
in  1  čase;  superficial  femoral  in  23  cases;  popliteal  in  13  cases  (1  čase  in 
Tscherniachowski's  collection,  Neck's  čase,  was  a  venous  varix). 

In  the  cases  treated  bv  the  above  methods  death  occurred  once  in  the  ex- 
temal  iliac  (100  per  cent.)  ;  once  in  the  23  superficial  femoral  cases  (4.3  per 
cent.) ;  twice  in  the  13  popliteal  cases  (15.38  per  cent.)  ;  once  in  the  4  axillary 
cases  (25  per  cent.). 

Gangrene  occurred  in  one  of  the  axillary  cases,  amputation  wa8  neceasarj 
in  one  of  the  popliteal  cases,  and  there  wa8  considerable  disability  in  the  limb 
in  one  of  the  superficial  femoral  cases. 
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The  above  forme  of  aneuryeinectomy  with  the  various  tvpes  of  arterior- 
a.  j)li>',  phleborrhapbv,  and  veseel  transplantation  are  liiiiited  in  tlieir  appUca- 
:k=m  and  in  tlie  major  number  of  the  above  caaea  were  done  on  reudilj  accesaible 

►  ^3ela,     The  mortality  in  the  casea  of  popliteal  aneur^sms  aubmitted  to  the 
s  ^^1  operation  (15,38  per  cent.)  does  not  compare  very  favorably  with  the  low 

►  ^rtalitv  of  the  Matas  operatione  (l.i>  per  cent.). 

In  the  other  regions  tbere  is  very  grave  que8tion  as  to  the  easential  value  of 
s  proceediug.  The  chief  objection  to  the  performanee  of  auy  vi  the  above 
i»-«8  of  operation  lies  in  the  enormous  diaturbance  to  the  collateral  cireulatiou 
:^s*ssary  to  the  performanee  of  the  given  operation. 

lu  carefuUv  aele*?ied  cases,  in  superlicial,  eaai!y  accessible,  healthv  veasels, 
^  Tc  will  probablv  bc  a  definite  field  for  tbia  type  of  radical  surgical  treat- 
!  :^t  of  aneiiry9ni.  ^H 
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Ali  the  various  fornis  of  the  treatracnt  of  aneiirvam  Imve  been  used  for  this 
^i^Ial  elaaa  of  aneurygms. 

CompreBsion  and  ligation  have  been  particnlarly  imaiiccessful  (Stinison, 
A-tas). 

Rest,  both  general  and  loeal,  together  with  some  form  of  proximal  com- 
^^ssion,  bas  been  atroiigly  advocated  hy  Makina,  Kikiizi,  Saigo,  etc,  aa  a  pre- 
t:»inary  to  operation,  A  few  naaea  may,  by  thia  raeana,  under^jo  spontaneous 
»~e.  ]f  the  aneurvsmal  aac,  however,  ahowa  aigna  of  inerensing  in  eize  opera- 
•*i  is  indicated. 

The  ideal  operatione  prevtoiialy  diseussed  will  probably  find  their  greatest 
1  (i  of  itaefuhieaa  in  tbia  form  of  vascular  tumor,  eBpecially  in  the  recent  cases 
Ideal  Operations). 

In  the  older  cases  and  in  the  recent  ones  in  which  the  dissection  necessitated 

an  ideal  operation  wonld  in  the  given  ease  disturb  the  collateral  circulation 
^-^re  than  woulil  seeni  wise,  the  Matas  operations  or  the  intraaaccular  snture 

Annandale  are  preferable,  while  in  selected  caaes  in  the  smaller  pcripheral 
"^eriea  ligation  and  exciaion  of  the  aac  are  the  simpleat  and  safest  operative 
"^3cedures. 
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THOBACIO    AKEUKVSMS 


With  the  advent  of  the  X-ray.  the  diagnosia  of  thoracic  aneurjsma  baa  been 
^iidered  eaaier,  and  the  tvpe  and  aize  of  the  sao  can  be  more  rendily  deter- 
***ined  than  waa  previoiisly  poesible. 

T\Tiether  the  ahility  to  recognize  the  location  and  the  charaeter  of  the  sac 
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(whether  saccular  or  not)  will  lead  to  a  greater  use  of  surgical  treatment  in 
thoracic  aneurjsm  is  one  of  the  problema  of  vascular  8urgery. 

For  aneurysm  in  the  above  location,  wiring  with  electroljsis  (Moore-Cor- 
radi)  has  many  advocates.  Ransohoff,  Stewart,  Hunner,  Matas,  Finnev,  Hare, 
Lusk,  and  others  are  ardent  advocates  of  the  method ;  while  Freeman,  Jacobson, 
Rowlands,  and  others  do  not  believe  the  benefits  obtained  are  commensurate 
with  the  dangers  of  the  operation. 

Finney  and  Lusk  in  their  recent  publications  have  given  the  essential 
features  of  this  form  of  surgical  procedure.  The  facts  herein  stated,  and  those 
in  the  general  statement  on  wiring,  are  obtained  from  these  publications. 

The  essential  details  are  a  rigid  asepsis,  appropriate  wire  (see  Lusk'8 
description  as  given  in  the  general  statement  of  treatment  in  this  article),  a 
constant  current,  rheostat,  amm6ter,  etc,  the  use  of  morphin,  and  local  infiltra- 
tion  anesthesia. 

The  method  is  applicable  only  to  aneurysm  with  a  definite  sac,  i.  e.,  saccn- 
lated  aneurysm,  and  to  this  form  only  in  the  ascending,  the  transverso,  and  to 
a  lesser  extent  in  the  descending  portion  of  the  thoracic  aorta.  It  is  not  ap 
plicable  to  aneurysms  of  the  fusiform  variety. 

The  character  of  the  needle  varies  with  diiferent  observers.  Finney  ušes  a 
hollow  needle  not  too  large  in  caliber,  insulated  to  within  a  short  distance  of 
the  point  by  the  best  quality  of  French  lacquer.  Lusk  reconmiends  the  gold 
porcelain-covered  needle,  described  above. 

The  wire  receiving  the  most  use  is  that  advised  by  Hunner  (75  parts  of 
copper  to  1,000  of  silver).  Lusk  from  his  experiments  concluded  that  the  gold 
platinum  alloy  "Clasp"  wire  (gold  62.9  per  cent.,  silver  17.9  per  cent.,  platinum 
13.4  per  cent.,  copper  5.8  per  cent.)  vvas  the  most  desirable. 

The  amount  of  wire  to  be  inserted  is  usuallv  stated  as  ten  feet.  Freeman 
believes  that  the  greater  the  amount  of  wire  inserted  the  better,  but  Finnev 
States  that  his  observations  have  not  borne  out  the  above  statement,  but  that  wire 
in  excess  of  10  feet  has  prevented  the  contraction  of  the  clot  which  resulted 
from  the  electrolysis. 

The  needle  should  be  well  insulated  to  prevent  an  electric  bum  along  the 
track  of  the  needle. 

The  8tren<i:th  of  the  current  should  not  exceed  75  ma.  (Finney)  and  the 
current  should  be  used  for  at  least  1  hour.  In  his  later  cases  Finney  continued 
the  current  for  nearly  2  hours.  Lusk  suggests  the  use  of  a  current  of  100 
ma.  for  15  minutes,  then  50  ma.,  40  ma.,  and  30  ma.,  each  for  15  minutes, 
and  states  that  he  found  the. current  used  in  these  strengths  and  for  the  above 
periods  of  time  as  the  most  favorable  for  the  production  of  the  fibrin. 

The  passage  of  the  wire  through  the  needle  should  be  so  carried  out  that  the 
coils  come  in  contact  with  as  much  of  the  sac  wall  as  possible.  After  the  cur- 
rent has  been  used  tlio  needle  is  withdrawn  and  the  wire  cut  off  close  to  the 
sac,  and  the  projectin^j:  ond  of  the  wire  buried  beneath  the  entire  thickness  ol 
the  skin  so  that  it  does  not  lie  immediately  under  the  skin  wound. 
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To  prevent  hemorrhage  along  the  track  of  the  needle  Lusk  recommends 
the  procedure  described  uiider  wiring  in  the  general  statenient  of  that  method 
in  this  article,  and  it  would  seem  that  his  procedure  would  be  more  serviceable 
and  less  dangerous  than  the  pressure  recommended  by  Finney. 

The  after-treatment  should  consist  in  thorough  medical  treatment,  espe- 
ciallv  rest  and  the  avoidance  of  any  strain  likely  to  increase  cardiac  tension, 
and  the  use  of  potassium  iodid  in  5  to  15  gr.  doses  thrice  daily. 

Besnlt  of  the  Operation. — Esher  coUected  and  tabulated  38  cases  up  to 
1910.  Bernheim  added  21  cases  to  that  number,  including  18  unreported  cases 
of  Finney's,  a  total  of  59  up  to  1912  which  have  been  submitted  to  wiring. 

Of  Finney's  personal  cases  eight  were  abdominal  and  will  be  discussed  un- 
der  abdominal  aneurysm.  Twelve  were  thoracic  and,  inasmuch  as  this  sur- 
geon^s  experience  has  been  so  large,  a  study  of  the  results  obtained  by  him  would 
seem  more  profitable  than  a  compilation  of  ali  the  reported  cases  with  their  re- 
sults if  any  practical  information  is  to  be  gained  with  regard  to  the  utility  of 
the  foregoing  method. 

Of  Finney's  12  thoracic  cases  subniitted  to  wiring,  5  were  submitted  to 
second  operations,  i.  e.,  17  wirings  were  done.  No  cases  were  reported  cured, 
but  one  čase  wa8  living  3  years  after  the  operation. 

Eight  cases  were  reported  as  improved.  In  one  čase  the  improvement  has 
lasted  thirteen  months  and  the  patient  is  stili  well.  The  improvement  in  4  cases 
varied  from  4  to  9  months.  In  the  remainder  the  length  of  improvement  is 
mentioned  only  up  to  the  t  ime  of  discharge  from  the  hospital,  13  days  to  6 
weeks,  and  is  too  short  for  any  definite  idea  as  to  the  relative  merit  of  the 
wiring. 

Three  cases  were  not  improved  in  any  way  and  1  čase  died  within  a  few 
days  after  the  wiring  as  a  result  of  a  bronchopneumonia.  In  that  čase  the  wire 
wa8  covered  by  a  laminated  clot. 

The  chief  relief  wa8  obtained  in  the  decrease  of  pain.  In  8  it  wa8  ab- 
sent  after  the  wiring;  in  3  cases  it  was  markedly  diminished;  and  in  1  there 
was  no  change.  The  pulsations  diminished  in  7  cases  and  the  tumor  decreased 
in  sizc  in  5  cases. 

The  complications  which  may  ensue  are : 

1.  An  electrolytic  burn  along  the  course  of  the  needle. 

This  may  occur  if  the  needle  is  not  properlv  insulated.  The  slough  which 
results  may  permit  hemorrhage  along  the  track  of  the  needle  or  the  sac  may 
actually  rupture  aa  rosult  of  the  area  of  weaknosa  tlius  produced. 

2.  Charring  of  the  sac  bv  the  use  of  too  strong  an  electric  current  (Hal- 
sted's  čase).  Secondarv  hemorrhage  occurred  as  a  result  of  the  8ubsequent 
necrosis  about  the  charred  area. 

3.  Embolism  as  a  result  of  pieces  of  the  fibrin  becoming  dislodged  and 
swept  into  the  peripheral  circulation. 

Embolism  occurred  in  the  brachial  in  a  čase  quoted  by  Finney  in  which 
gangrene  of  the  forearm  and  hand  occurred,  necessitating  amputation. 
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Salinger  reports  a  čase  of  cerebral  embolism  on  the  third  day  after  wiring 
an  aortic  aneury8m  with  recoverj  of  the  patient. 

4.  The  passage  of  the  wire  into  the  heart.  Parkam  reports  a  čase  in  which 
this  occurred  without  fatal  results. 

5.  Infection  about  the  needle  wound  or  in  the  extravasated  blood. 

6.  Finney  states  that  the  newly  fonned  elot  may  shunt  the  blood  against 
a  portion  of  the  aneury8mal  wall,  cause  it  to  bulge  at  the  point  of  impact  of  the 
arterial  stream  and  even  to  give  way  and  result  in  fatal  hemorrhage  from  this 
canse. 

The  Use  of  tiie  Ligattjbe  in  the  Treatment  of  Thoracic  Aneueysms 

Teinporary  ligation  of  the  thoracic  aorta  has  been  iinsucce88fully  tried  in 
2  cases,  Tormi  and  Villar,  quoted  by  Boinet. 

Ligation  of  the  aorta  below  the  arch  wa8  done  by  Guinard  through  a  pos- 
terior  thoraco8tomy.  Death  supervened  due  to  complete  arrest  of  the  urinary 
secretion.  According  to  Matas  this  is  the  pertinent  reason  why  ligation  of  the 
aorta  above  the  renal  arteries  alway8  proves  fatal. 

Ligation  of  the  peripheral  arteries  distal  to  the  sac  (Wardrop)  in  the  treat- 
ment of  the  aneiiry8m  of  the  arch  of  the  aorta. 

The  procedures  advised  for  this  method  may  be  divided  into  various  groups 
as  follows :  ligation  of  the  common  carotids,  right  and  left ;  simultaneous  liga- 
tion of  the  right  common  carotid  and  subclavian  arteries ;  ligation  of  the  right 
common  carotid  followed  after  a  suitable  interval  by  ligation  of  the  right  sub- 
clavian ;  ligation  of  the  left  common  carotid  and  left  subclavian,  either  simul- 
taneou8ly  or  at  two  sittings ;  simultaneous  ligation  of  the  left  common  carotid 
and  the  left  axillary  artery. 

(This  method  has  been  applied  not  only  to  aneurysm  of  the  arch  of  the 
aorta  but  to  cases  involving  the  branches  of  the  aorta  and  no  attempt  has  been 
made  here  to  separate  the  groups  in  the  statements  from  Jacobsthal  and 
Guinard  inasmuch  as  it  is  difficult  to  distinguish  some  of  the  forms.) 

Jacobsthal  reports  44  cases  in  which  one  or  more  of  the  above  operative  pro- 
cedures were  applied  with  23  recoverie«.    Only  3  cases  survived  for  3  years. 

Guinard  reports  15  personal  cases.  He  recommends  simultaneous  ligation 
of  the  right  common  carotid  and  subclavian  and  insists  upon  the  ligation  of  the 
carotid  as  the  first  step  in  the  operation. 

In  Guinard's  experience  the  results  are  better  in  those  cases  in  which  the 
aneurvsmal  sac  is  farthest  from  the  heart.  He  furthermore  states  that  from 
his  experience  distal  ligation  will  give  some  benefit  in  ali  the  cases  in  the  region 
under  discussion. 

Boinet  and  Matas  believe  that  the  use  of  distal  ligation  should  be  re- 
served  as  an  operation  of  necessity  for  aortic  aneurysm  and  should  only  be 
employed  when  medical  measures  have  failed  and  the  increase  in  the  size  of 
the  aneurysm  produces  pressure  symptom8  whieh  promise  to  result  fatally. 
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Kummell  reports  a  čase  of  aneurjsm  of  the  descending  aorta  in  which  he 
sutured  the  opening  in  the  vessel  after  tempopary  control  of  the  cireulation. 
He  exposed  the  artery  through  a  posterior  thoracotomy  woiind  siich  as  is  used 
to  expo8e  the  esophagus.  His  čase  died  from  8econdary  hemorrhage  which  he 
thinks  could  have  been  prevented  by  not  packing  tiie  wound  and  by  reinforcing 
the  suture  line  by  a  f ascial  transplant. 

ANEU&Y8BSB  OF  THE  ABDOMINAI.  AORTA 

The  Ligation  of  the  Abdominal  Aorta. — The  abdominal  aorta  was  first  ligated 
by  Sir  A8tley  Cooper  in  1817.  Aooonrding  to  Metas  it  has  been  done  15  times 
since  then  and  in  ali  of  these  cases  it  h^s  resulted  fatally. 

Keen  (1899)  ligated  the  abdominal  aorta  close  to  the  pillars  of  the  dia- 
phragm.  His  čase  survived  48  day8  and  died  as  a  result  of  ulceration  and  rup- 
ture  of  the  aorta  at  the  site  of  the  ligatnre.  In  his  remarks  on  his  -čase  Keen 
considers  it  remarkable  that  there  was  so  little  ehange  in  the  urinary  secretion 
in  his  patient.  The  early  establishment  of  collateral  cireulation  after  ligation 
of  the  aorta  he  considers  as  due  to  the  previous  establishment  of  the  collateral 
cireulation  caused  by  the  existence  of  the  aneury8m.  As  a  result  of  the  col- 
lateral cireulation  thus  established,  the  human  subject  can  survive  ligation  of 
the  abdominal  aorta  without  gangrene  of  the  limbs  or  paralysis  of  a  permanent 
nature  from  changes  in  the  cord.  But  he  states  further  that  "death  will  result 
from  the  cutting  through  of  the  ligature  and  seeondary  hemorrhage  in  ali  cases 
in  which  this  method  is  applicd." 

It  is  needless  to  state  that  the  condemnation  of  Keen  is  a  sufficient  contra- 
diction  against  the  performance  at  ligation  for  aneurysm  of  the  abdominal 
aorta. 

Temporary  Compression  of  tlie  Abdominal  Aoita. — i.  BY  A  tourniqu£T. 
— Temporary  compression  of  the  abdominal  aorta  by  means  of  a  tourniquet 
wa8  devised  by  Murray  in  1864  and  used  by  him  succe8sfully. 

Banvell  reported  5  successful  cases  up  to  1889.  Beath  usually  occurs  from 
injury  to  the  intestines  underlying  the  tourniquet  and  as  stated  under  the  para- 
graphs  on  compression  in  general  the  method  has  little  to  conmiend  it  at  this 
time. 

2.     BY  THE  U8E  OF  INSTRUMENTS  APPLIED  TO   THE  ARTERT   THROUGH 

A  LAPAROTOMT  WOUND. — Keen  as  a  result  of  his  experience  with  ligation 
devised  a  clamp  so  constructed  as  to  cause  a  conical  constriction  of  the 
artery. 

By  means  of  this  instrument  applied  to  the  abdominal  aorta  through  a 
laparotomv  wound  the  cireulation  may  be  partially  or  completely  arrested  for 
any  length  of  time  according  to  the  effect  of  this  occlusicm  upon  the  oftiifint  ^auL 
the  aneurysm.    When  the  occlusion  has  been  satisfaotonr, 
removed. 

Keen  reports  the  results  of  animal  experiBi 
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from  them  concludes  that  the  clamp  might  have  a  field  of  iisefniness  in  the 
treatment  of  abdominal  aneiirjsm. 

Strattoii  has  devised  aii  instrument  so  constriicted  that  a  band  of  tape  can 
be  gradually  drawn  tight  aboiit  the  aorta,  thua  gradually  eonstrieting  it,  and 
reeommends  its  use  in  abdominal  aneurvsm.  Like  Keen's  compressor  the  in- 
strument is  left  in  situ  during  the  period  of  compression  and  is  removed  when 
it  has  served  its  purpose. 

The  idea  in  both  is  to  compress  the  artery  gradually  on  the  proximal  side 
80  that  a  coUateral  circulation  may  develop  before  the  blood  stream  is  com- 
pletely  arrested. 

3.    BY  METAL  BANDS  APPLIED  TO  THE  ARTERT.— The  Halsted  aluminum 

bands  are  also  devised  for  the  gradual  occlusion  of  the  artery  in  abdominal 

aneurysm.  Experimentally  these  have 
proved  most  8atisfactory  and  their  applica- 
tion  to  the  human  should  be  f ollowed  bv  simi- 
larly  successful  results. 

(J  I  Intrasaccular  suture  (Matas'  operation)  has 

^1      ^  been  done  by  Lozano,  Munro,  Crile,  and  Gibbon. 

^^^J      ^^J^  Ali  of  these  were  failures  due  to  hemorrhage. 

^    Jf  Matas  States  that  the  operation  is  distinctly  con- 

tra-indieatcd  in  aneurysms  above  the  renal  ar- 
tery  and  ali  cases  where  f  ree  access  to  the  sac  and 
eomplete  preliminary  control  of  the  circulation 
are  impossible. 

The  result  of  any  operation  upon  abdominal 
aneurysms  will  depend  upon  the  strain  thrown 
upon  the  heart.  Katzenstein  and  Oppergeld  have 
8h()wn  that  ligation  of  the  abdominal  aorta  below 
the  inferior  mesenteric  artery  is  accompanied  by 
such  an  enormous  rise  of  blood-pressure  on  the 
proxinial  side  of  the  li^rature  that  exeept  in 
absolutely  healthy  hearts  acute  cardiae  dila- 
tation  occurs  and  death  may  result  from  this 
cause. 
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Fig.  11. — Halsted  Aluminum  Bands. 
A  8hows  clanip  for  the  application  of 
the  aluminum  band  of  Halsted.  B 
0hows  band  on  the  jaw  of  the  instru- 
ment in  the  process  of  being  curled 
about  the  vesscl.  Further  compres- 
sion of  the  band  to  the  desircd  dcgrce 
of  obliteration  of  the  vessel  is  done 
by  the  fmger.     (After  Halsted.) 


As  stated  by  Keen,  the  ligature  will  cut 
throiigh  in  ali  cases  and  death  will  result 
from  hemorrhage. 

Wiring  of  abdominal  aneurvsms  occurred 
8  times  in  Finnev's  series.  The  technic  i* 
siniilar  to  that  described  under  thoracic  an- 
eiirysm.  Two  cases  were  improved  slightlv" 
without  any  definite  change  in  the  aneiirysm ;  1  was  not  improved ;  and  5  cases 
died.  The  cause  of  death  is  not  given  in  8,  but  occurred  within  a  short  tirne 
after  the  operation.  In  1  čase  death  wa8  due  to  the  rupture  of  the  sac,  in  the 
other  death  occurred  as  a  result  of  infection  about  a  previously  placed  Halsted 
metal  band. 
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Halsted,  Nassetti,  Matas  and  Allen  have  auggested  the  application  of  vari- 
ous  methods  whicli  have  a  proven  experimental  basis  for  the  treatment  of 
thoracic  and  abdominal  aneiirjsms. 

Nassetti  suggests  the  use  of  free  fascial  transplants  so  applied  as  to  con- 
strict  the  lumen  of  the  vessel  either  above  or  below  the  sac. 

Halsted  has  used  strips  of  aorta  either  as  a  circular  cuff  or  in  his  later  ex- 
periments  as  a  spiral  strip  so  applied  as  to  constrict  the  himen  of  the  artery 
and  henee  the  force  and  quantity  of  the  blood  stream  beyond  the  constrietion. 

Matas  and  Allen  in  some  experimental  eiforts  upon  plication  of  the  thoracic 
aorta  by  lateral  parietal  suture  in  dogs  believe  from  their  results  that  this 
method  of  narrowing  the  lumen  of  the  vessel  is  a  safer  and  more  certain  way 
of  eonstricting  the  lumen  of  the  vessel  than  can  be  obtained  by  metal  bands  and 
believe  that  it  may  find  a  field  of  usefulness  in  the  reduction  of  the  fusiform, 
cylindrical  or  saccular  aneurysms,  either  by  strengthening  the  wall  of  the  sac 
by  this  plication  applied  to  the  sac  itself  or  by  plication  of  the  artery  above  or 
below  the  sac  to  reduce  the  vis  a  tergo  of  the  blood  stream  to  the  sac.  They 
further  suggest  that  the  use  of  free  fascial  flaps  (Nassetti)  or  the  strips  of  the 
aorta  (Halsted)  to  narrow  the  lumen  of  the  vessel  immediately  above  the  ves- 
sel should  find  a  greater  field  of  usefulness  in  producing  a  partial  occlusion  of 
the  artery  above  or  below  the  sac  and  a  reduction  in  the  size  of  the  aneurysm  by 
this  method  pending  the  development  of  a  coUateral  circulation.  When  the 
latter  has  developed  further  occluding  methods  might  be  carried  out  with  a 
more  reasonable  assurance  of  success. 

One  is  forced  to  conclude  that  the  treatment  of  abdominal  aneury8m  as  yet 
has  not  reached  its  solution.  Whether  the  operation  of  the  future  will  com- 
prise  the  newer  methods  of  fascial  or  arterial  strip  occlusion  (Nassetti,  Hal- 
sted), or  the  plication  method  of  Matas  and  Allen,  is  as  yet  undetermined. 
The  success  obtained  by  their  use  in  animals  suggests  a  possibility  that  they 
may  solve  the  problem  of  the  surgical  treatment  of  abdominal  aneury8ms  in 
man. 

AKETTBTSMS  OF  THE  BEKAL  ABTEBIES 

Keen  collected  12  cases  of  aneurysm  of  the  renal  artery  and  reported  1  of 
his  own  in  1900. 

The  treatment  advised  by  Oestreich  and  emphasized  by  Keen  is  extirpa- 
tion  of  the  kidney  with  the  aneurysm. 

Three  cases  were  submitted  to  operation  and  aH  recovered. 

INKOBONATE  ANEURTaiCS 

The  treatment  of  innominate  aneury8m  is  practically  limited  to  the  use  of 
distal  ligation  and  wiring  with  electroly8i8.  Acupuncture,  wiring,  and  the 
proxiinal  ligation  have  been  discarded  for  ich  have  been  discussed 
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The  method  of  wiring  with  electroljsis  has  been  siifficiently  disciissed  under 
thoracic  aneurysm  and  does  not  differ  from  that  given  for  use  in  innominate 
aneurjsm. 

The  method  of  election  in  the  treatment  of  aneurysms  in  the  innominate 
artery  is  distal  ligation  (Wardrop)  of  one  or  more  of  the  branches  of  this  ves- 
sel,  i.  e.,  simultaneoiis  ligation  of  the  right  eommon  earotid  and  the  right  sub- 
clavian.  The  right  eommon  earotid  should  be  tied  first,  then  the  right  sub- 
clavian.  Jacobsthal  states  that  only  2  of  the  cases  of  the  120  known  to  him 
which  have  been  treated  by  distal  ligature  have  lived  for  more  than  3  years 
and  regards  the  prognosis  as  very  unfavorable.  Imbert  and  Pons  give  the  re- 
sults  as  collected  by  them  as  apparent  cures,  22  per  cent. ;  failures  to  influence 
the  growth  of  the  aneury8m,  30  per  cent. 

The  complications  to  be  dreaded  most  are  cerebral  softening  due  to  the 
ligation  of  the  eommon  earotid,  and  8econdary  hemorrhage. 

The  Halsted  band  may  have  a  field  of  usefiilness  in  preventing  siich  cere- 
bral complications  by  its  application  to  the  earotid,  with  gradual  occlusion  of 
that  vessel,  which  might  be  made  permanent  after  a  suitable  interval.  Partial 
occlusion  by  the  fascial  strip  (Nassetti)  or  the  spiral  arterial  strip  of  Halsted 
may  find  a  field  of  future  iisefulness. 

Infection  of  the  wound  (21  wound  infections  in  51  operations),  while  a 
eommon  occurrence  in  Burns'  statistics,  did  not  apparently  affect  the  outcome. 

COlOf  ON  CABOTID  AKEUBTSMS 

The  operative  treatment  of  eommon  earotid  aneiirysm  is  limited  to  proximal 
or  distal  ligation  of  the  artery,  the  Antyllian  operation,  extirpation  of  the  sae, 
the  Matas  operations,  and  the  iise  of  the  Halsted  metal  bands,  or  in  special  cases 
by  some  form  of  clamp  so  constnicted  as  to  eaiise  gradiial  occlusion  of  the 
vessel. 

The  proximal  ligation  (Anel)  or  the  application  of  a  metal  band  or  clamp 
to  the  proximal  side  of  the  aneurysm  is  limited  to  those  cases  in  which  there  is 
sufficient  space  between  the  aneurysm  and  the  origin  of  the  eommon  earotid 
from  the  innominate  or  the  aorta  as  the  čase  may  be. 

The  use  of  the  double  ligature  with  evacuation  of  the  clot  (Antyllu8),  ex- 
tirpation  of  the  sac  and  the  Matas  operation,  are  subject  to  the  same  limitations 
as  the  above,  inasmuch  as  proximal  control  of  the  circulation  to  the  sac  is  essen- 
tial  to  their  successful  outcome. 

Distal  ligation  (Brasdor)  or  the  distal  application  of  the  Halsted  bands  is 
especiallv  adaptod  for  application  to  those  aneurvsms  of  the  earotid  which  are 
intrathoracie  and  whieli  fuse  with  the  innouiinate  or  the  aorta. 

The  essential  difReultv  encountered  in  anv  of  the  above  forms  of  treatnuent 
for  earotid  aneurvsms  lies  in  the  dangera  incident  to  the  cerebral  anemia  wliidi 
follows  the  arrest  of  the  circulation  on  the  occluded  side. 

Eor  the  purpose  of  preventing  these  cerebral  complicationa,  the 


tftS  TKEa 

IBulstt-d  liiis  a  wide  field  of  nsefuliinss.  Tiip  priucipal  essential  featiires  of  its 
ap]}liLrHtioii  iii  (^oiiiiiiou  carotid  aneiirjsm  are  tlie  use  of  locul  iiitiiti-atioii  anes- 
tliesia ;  the  pxpiifiure  of  tlie  coininoii  carotitl  at  the  site  of  eleetion  by  this  metliod 
of  anestlieetia;  the  applicatioti  of  a  Jlalated  metal  band  to  tlie  common  carotid 
diutfll  to  the  suc,  and  the  closiii-e  of  the  band  just  tigiit  euough  to  obliterate  the 
luiiien  of  the  veseel.  After  the  band  is  tiglitened  the  onset  of  cerebral  svnip- 
toms  will  oceur  promptiv  if  the  collateral  circulation  is  defective;  should  siich 
e^mptoina  ariae,  the  band  is  cnt  and  reinoved  and  with  its  removal  tlie  cerebral 
»jinptoms  will  snbaide  with  the  retiirn  of  the  circulation  to  the  anemlc  area. 

Smoler  deviscd  a  speciall/  conatrncted  clamp  to  prodiice  gradual  occluaion 
of  the  carotid  arter^  to  prevent  cerebral  complicationa.  He  reporta  3  success- 
ful  uasea  in  whicb  he  used  hia  clamp  vvithont  these  comptications. 

After  the  que8tion  of  cerebral  disturbauce  haa  been  aettled,  the  aubsequeut 
treatnient  of  the  eac  will  depeud  upou  'S  factnrs,  i.  e.,  the  absenee  of  pulsa- 
tion,  «f  pressiire  HjiuptoiuH,  and  changes  in  the  eize  of  the  tumor. 

In  thoae  caspB  in  which  the  pnlsation,  etc,  diaappear,  following  the  applicu- 
Uon  of  the  band,  notbing  further  need  be  done. 

In  cases  in  which  presaure  svmptoms  reinain  tho  sac  niav  be  exj»o8ed  and  the 
ve«9el  ligated  on  the  proximaI  sidc  and  the  conteuts  of  the  eac  evacnated :  or  the 
%-e8sel  ligated  and  the  sac  extirpated ;  or  if  the  proximal  circulation  can  l>e  con- 
trolled  the  sac  inay  be  treated  bv  the  Matas  obliterative  endo-aneiir_^'8raorrhaphy. 
The  treatnient  of  the  sac  must  of  neceasitv  depeud  upou  the  svmptoms  which  ita 
proasure  cauaes  or  the  structurca  neccsaaril_v  injureJ  in  its  treatment.  Ali  of 
these  factors  uiuat  be  weighed  carefull,y  and  the  result  of  the  docieion  thu8 
arrived  at  carried  out  according  to  one  of  the  ahove  deacribed  mctliods, 

The  dangers  in  the  past  have  been  dne  to  the  distnrbance  in  the  brain  fol- 
toviug  the  ligation  of  the  common  carotid.  Delbet  states  that  cerebral  conipli- 
cations  occnr  in  20  pcr  cent.  of  the  cases.  Jordan  8ays  that  tliey  <K«urred  in 
25  per  cent.,  and  of  these,  10  per  ceut.  died.  Smoler  had  it  happeu  in  2  of 
hia  cases  in  which  elastic  ligatures  were  used,  while  it  wa8  ahaent  in  the  3 
cascs  in  which  gradual  occlusion  vvas  prodiiced  by  his  clamp,  Halated  atatea 
lic  bas  applicd  the  metal  band  to  the  carotid  "many  timea"  without  accident. 

In  3  persona!  caaea  in  which  the  common  carotid  was  tied  for  pniaating 
exophthalnios,  evanescent  cerebral  s_\Tuptom3  occurred  in  1  čase  and  disappeared 
with  a  retum  of  the  bniit  over  the  bead. 


mTEOIfAI.   CABOTID   AlfEUBVSMS 

These  may  be  intracrauial  or  estnicraiiial.  For  the  treatment  of  the  former, 
lee  puUating  exophlhabno8. 

The  same  general  conditions  spoken  of  nnder  innominate  and  common 
carotid  anenry9ms  app!y  in  the  treatment  of  interual  carotid  aneurysm9, 
namcly  the  dangera  of  cerebral  coniplications  and  the  cfficiency  of  the  collateral 
einmiaticm  ahould  alway8  be  tested  pre!iminary  to  a  ligation  of  thie  artery. 
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For  this  purpose  the  Halsted  metal  band  or  some  form  of  specially  constructed 
clamp  should  be  used.  The  temporary  occluding  agent  should  be  applied 
preferably  to  the  common  carotid  artery,  dne  to  the  ease  with  vvhich  the  vessel 
may  be  approached.  In  those  cases  in  which  the  aneurjsm  is  placed  low  down 
upon  the  internal  carotid,  ligation  or  compression  of  this  vessel  may  be  prae- 
ticed  on  the  distal  side. 

Matas  advises  extirpation  or  preferably  obliterative  endo-aneiiry8morrhaphy 
for  those  cases  in  which  ligation  does  not  cure  the  condition.  To  reach  the  sac 
he  advises  the  use  of  the  incision  necessary  for  the  removal  of  retropharyngeal 
tumors  with  temporary  resection  of  the  lower  jaw.  He  furthermore  advises 
obliterative  endo-aneurysmorrhaphy  with  packing  of  the  sac  as  more  advisable 
and  safer  than  any  attempt  at  obliterating  the  sac. 

Aneurysm  of  the  internal  carotid  is  not  common.  Herzen  records  it  as 
occiirring  only  twice  in  his  cases,  once  with  aneiirysm  of  the  external  carotid. 
Monod  and  Van  Verts  in  their  collected^  cases  mention  1  čase  (Mullen  and 
Stanton)  in  which  restorative  endo-aneurysmorrhaphy  was  attempted  and  failed 
because  of  secondary  hemorrhage  and  death  occurred  due  to  that  cause.  Matas 
does  not  mention  it  in  his  paper  on  the  statistics  of  endo-aneurysmorrhaphy  in 
1908,  but  in  "Keen's  Surgery''  quotes  Bobbio  as  stating  that  there  were  18  cases 
of  aneuTysm  of  the  vessel  up  to  1906  with  ligation  of  the  common  carotid  in  11 
cases  with  6  recoveries. 

Aneurjsm  of  the  £xtemal  Carotid  and  Its  Branches. — Aneurysm3  of  the 
trunk  of  the  vessel  are  rare,  while  aneurysms  of  the  branches  are  quite  common. 
Herzen  mentions  extemal  carotid  aneurysm  in  2  cases  (1  in  combination  with 
internal  carotid  aneurysm).  Monod  and  Van  Verts  do  not  mention  it  in  their 
collected  cases.  Delbet  (1895)  collected  11  cases  of  aneurysm  of  the  extemal 
carotid. 

Aneurysms  of  the  branches  of  the  external  carotid  are  quite  common. 

The  treatment  of  aneurvsms  of  the  external  carotid  or  its  branches  depends 
upon  the  location  of  the  aneurysm.  If  the  sac  is  close  to  the  origin  of  that 
artery  near  its  bifurcation  from  the  common  carotid,  Matas  advises  temporary 
clamping  of  the  common  carotid  with  obliterative  endo-aneurysmorrhaphy  of 
the  vessel  and  that  method  of  obliteration  of  the  sac  vvhich  best  suits  the 
aneurysm  in  question. 

The  small  aneury8ms  either  on  the  trunk  or  on  its  branches  should  be 
ligated  and  extirpated  unless  the  relation  of  the  important  structures  to  the  sac 
are  such  that  extirpation  would  be  dangerous.  In  the  lattor  instance  they  may 
be  treated  by  intrasaccular  ligation  or  suture  and  the  aae  obliterated. 

Dawbarn  suggests  the  obliteration  of  the  external  carotid  by  paraffin  injec* 
tions  for  aneurysms  of  the  branches  of  that  artery  vvhich  are  difficult  of 
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SUBOLAVIAN   ANEUBTSMS 


The  treatment  of  aneurjsms  of  tliis  vessel  comprises  every  conceivable 
'•exxi^dy  suggested  for  the  treatment  of  aiieurysm. 

Souchon  foiiiid  that  inedical  measures  alone  were  successful  in  11  out  of 
'^^  csases.  Elliot  emphasizes  the  fact  that  in  8lowly  grovving  aneiirysms  of 
siK^iiil]  size  sueh  treatment  is  indicated  and  cites  a  ease  of  his  own  treated  by 
re^s-t;  and  diet  in  whieh  the  aneiiry8m  perceptibly  deereased  in  size  and  the 
pa^^tiii^nt  improved.  To  the  above  suggestion  one  might  add  the  iise  of  potas- 
si'iJx:i:Ki.  iodid  in  from  5  to  15  grain  doses  \\  times  a  day  over  a  long 
pe?:K-ic3d. 

1I'lio  other  non-operative  methods  may  be  diamissed  withont  fnrthor  cdn- 
8i^^^x-ation  as  useless. 

^Dhe  Operative  Treatment. — Matas  divides  the  operative  treatment  proposed 
a*    <5Xirative  for  subclavian  aneury8ms  into  6  groups : 

X.     Incision  into  the  sac,  digital  phigging  of  the  orifices,  and  ligation  of  the 
poles  of  the  sac  (Syme,  1860). 

2 .  Disarticulation  of  the  shoiilder  joint. 

3.  Ligation. 

4.  Extirpation. 

iS.     Aneury8morrhaphy. 

O.     Gradiial  occhision  by  the  Halsted  metal  bands. 

<Df  these,  only  the  last  4  are  worthy  of  consideration. 

Jacobsthal  snmmarizes  the  forms  of  ligation  and  divides  them  into  distal 
*ig3.t;ions  in  which  the  axillary,  carotid,  axillary  and  carotid,  or  third  portion 
^^  tihe  subclavian  were  tied  in  varioiis  combinations.  Proximal  ligations  in 
^^icili  the  subclavian  was  tied  in  ali  3  of  its  divisions,  or  the  subclavian  with 
the  csarotid,  alone  or  in  conjiinction  with  the  vertebral ;  or  the  innominate 
^^^^=^^  or  in  combination  with  carotid,  subclavian,  vertebral,  and  internal  mam- 
^^^^3^  in  various  combinations.  Proximal  and  distal  ligations  in  which  the 
®^"<^lavian  and  the  axillary  were  tied: 

J^acobsthal,  in  his  collected  casos  since  1890,   25   in  number,  statos  that 

tK  •  • 

^^    ^»xiortality  wa8  16  per  cent.,  gangrene  of  the  arm  occurred  3  times,  and  of 

^  liand,  4  times. 

^latas,  in  his  statistics  on  arteriovenous  aneurysnis  of  the  subclavian  ves- 

*®>     found  that  gangrene  occurred  in  13.5  pcr  cent.  after  the  ligation  of  both 

^^y  and  vein,  and  in  1.7  per  cent.  after  ligation  of  the  third  division  of  the 

-Aneury8m8  of  the  subclavian  are  most  frequently  found  in  the  first  and 
^^^^  divisions  of  that  vessel.  According  to  their  relation  to  the  scalenus  anticus 
vUej^  are  called  extrascalenic  or  intrascalenic  (Savariaud).  The  second  por- 
^^o^  of  the  artery  is  usually  involved  by  extension  of  the  aneury8m  from  one  or 

L  o^vher  of  its  jdivisions. 

^L  In  the  extra8ealenic  aneurysm8,  the  method  of  election,  if  ligation  is  pur- 
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sued,  is  proximal  ligation  or  proximal  and  distal  ligation  with  extirpation 
of  the  sac  where  it  is  possible. 

In  the  intrascalenic,  proximal  ligation  is  more  dangerous  than  distal  liga- 
tion and  this  latter  procedure  should  be  attempted  first. 

In  those  cases  in  whieh  it  is  possible  to  obtain  preliminary  hemostasis  the 
Matas  obliterative  endo-aneiirysmorrhaphy  is  more  advisable  than  any  form  of 
ligation.  Elliot  states  that  the  great  advantages  of  the  obliterative  operation  of 
Matas  are  that  it  is  ahnost  always  permanent,  cures  the  aneurysm  and  that  the 
dangers  of  secondary  hemorrhage  are  very  slight,  once  in  63  cases  of  obliterative 
aneurysmorrhaphy ;  that  gangrene  of  the  extremities  is  rare,  3  to  5  per  cent., 
and  that  the  mortality  of  the  operation  wa8  3  per  cent.  Relapse  occurred  in 
1^2  P^r  cent.  Gangrene  occurred  in  6V2  P^r  cent.,  and  the  mortality  was 
7  per  cent.  in  ligation  alone,  with  74  per  cent.  of  cures.  Excision  of  the  sac 
ga  ve  90  per  cent.  of  cures,  with  IV2  P^r  cent.  of  relapses,  and  a  mortalitv 
of  3  per  cent.;  gangrene  occurred  in  4  per  cent.  The  inference  from  the 
above  statistics  of  Monod,  Van  Verts,  and  Matas,  according  to  Elliot,  is  that 
the  Matas  operation  and  the  treatment  of  the  aneurysm  by  excision  are  about 
of  equal  merit  and  superior  to  ligation. 

Monod  and  Van  Verts,  however,  do  not  believe  that  the  Matas  operation  is 
suitable  for  subclavian  aneurysms. 

Elliot  believes  that  the  most  satisfactory  treatment  of  aneurysm  of  the  third 
portion  of  the  subclavian  is  the  ligation  of  the  first  portion  of  that  artery  to- 
gether  with  its  branches  with  the  possible  exception  of  the  vertebral. 

If  recurrence  takes  plače,  then  distal  ligation  as  close  to  the  sac  as  possible 
may  be  done.  Should  the  aneurysm  recur  after  this  procedure,  extirpation  may 
then  be  done  after  the  ligation  of  the  other  vessels  to  the  sac. 

Elliot  further  advises  a  preliminary  resection  of  the  clavicle  and,  if  neces- 
sary,  of  the  manubrium. 

Halsted  has  applied  his  metal  band  to  the  subclavian  twice  without  acci- 
dent  and  a  thorough  trial  of  this  method  may  prove  it  to  be  the  method  of  elec- 
tion  for  aneurysm  of  the  subclavian. 

The  result  of  any  treatment  for  subclavian  aneurysm  may  be  followed  by 
some  sen8ory,  motor,  or  trophic  disturbances  in  the  extremity.  Furthermore, 
after  ligation,  etc,  aneury8m  of  the  aorta  is  prone  to  develop. 

AXILI<ABT   ANEITBTSMS 

The  treatment  of  aneurysms  in  this  region  comprises  ligation,  proximal  and 
distal,  the  Antyllian  operation,  extirpation  of  the  sac,  the  Matas  operation,  the 
use  of  the  Halsted  band,  and  one  or  other  of  the  so-called  ^Mdeal"  operations. 

The  objections  to  the  use  of  the  ligature  are,  its  failure  to  cure,  the  liabiF^^ 
to  relapse,  and  the  dangers  of  gangrene. 

Extirpation  of  the  sac  is  preferable  to  ligation  but  is  apt  to  be  f di 
ury  to  the  brachial  plexus  and  the  axillary  veins. 
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For  tbat  reasoii  t.he  Slatas  operation,  tbe  Halsted  band,  or  some  one  of  the 
£oxrnie  of  the  ideal  operations  is  to  be  preferreil. 

The  aelection  o£  the  tvpe  of  the  above  3  forms  of  opevative  treatment  miiat 
of  npcessitv  deppiid  »pon  the  conditions  to  be  met  at  the  operatiou  and  the 
^N^**  lipment  and  experienco  of  the  operator. 

The  treatment  of  anenrvsnis  of  branches  of  the  asillarv  down  tbe  arm  and 
iri^t«  the  hand  resolves  itaelf  into  extirpation  or  some  form  of  the  ideal  opera- 
Ci«z»33.  ExcisioQ  is  easilj'  carried  out  in  most  cases  and  if  the  anatomical  rela- 
ftacr»~Ki  to  nearby  nerves  is  given  sufRcient  consideration,  it  will  reaiilt  in  a  cnre 
^vi  -tiihniit  aiiy  neurological  complicatione. 

In  siiitablv  seJected  cases  some  reconstructive  operation  iipon  the  artery  or 
%.'-^  i  31  or  both  (ideal  operation)  mnv  tind  a  field  of  fiirther  usefiilnesa.  J 

ANEUBYSMS  OF   THE  ILIAO  ASTEBIES  * 

Tbese  ma,v,  aceordin^  to  Matas,  I«*  divided  into  (a)  aneiirvsma  of  the  exter- 
■**»>  X  iliac  tract,  inehidiiig  the  common  iliac  arteiy,  the  extemai  iHac,  tbe  ilio- 
*^^»"»if>ral,  and  tbe  common  femoral  to  the  origin  of  the  profiuida  artery;  (b) 
^**-^^urysma  of  the  interna!  iliao  ( hvpopaatric )  and  ita  braiichea, 

AnenrjBiM  of  the  External  Hiac  Tract.— Halsted   ("The  Effect  of  Lifjation 

"-•^      '■he  Common  Iliac  Artery,  etc.,'  Jobns  llopkina  Buli.,  xxxiii,  1!)1)  has  eol* 

^**^<:ed  the  casee  of  ligation  of  tbe  common  iliac  arteriea  and  dividea  them  into 

~     :!K:>eriods:  np  to  1S80,  and  from  1880  to  1912.    For  the  older  group,  tbe  reader 

**      »-eferrcd  to  tbe  original  artiele, 

Of  tbe  cases  collected  from  1880  to  1913,  30  in  number,  14  died ;  gangrene 

rv^*-^^"Ted  in  12;  and  in  11  tbat  recovered  vvitboiit  gangrene  function  in  the 

*^*^b  wa8  distinetiv  interfered  with.     In  the  1 1  casea  of  recoverv  recurrence  of 

^^>  anenrvsm  ocenrred  In  one  caae  and  Halated  believes  that  tbia  wonld  have 

'**t^pened  more  freqnently  bad  the  caaeB  lieen  obaerved  long  enongh.     Extir- 

*^  *.ion  of  the  aac  bas  rarely  lieen  reaorted  to  except  in  aiienrvsm  of  the  external 

*  ^*<'.  and  gangrene  oecurred  in  20  per  eent.  in  tbia  gronp  ( Matas). 

^^   _       Kndi)-anenry8uiorrhapby  in  Alataa'  opinion  wou]d  meet  the  iiidicationa  ad- 

—  ^      ■  *iibly  for  thoae  anenryamB  in  which  the  circuJation  conld  be  contrniled  and 

»     ^^       adviaes  compreaaion  of  the  abdominal  aorta  to  bring  abont  tbia  temporary 

-*»iosIa8i».     In  2  cases  (Frazicr.  MltcbelJ)  severe  hemorrhage  occurred  from 

•  latcruls  to  tbe  sac  in  apitc  of  prcJiminarv  bemoBtaaia.     Matas  states  that  the 

**  tisfi('3  are  not  vet  aiifficient  to  draw  conplusions  aa  to  tbe  value  of  tbia  pro- 

The  obliti>ration  of  femoral  aneiiryama  giving  off  tho  deep  epigastric,  cir- 

T***3iftox  iliac,  and  profiiuda  arteries  wil!  be  followed  by  more  or  less  serious 

^^^riirment  in  the  circulation  of  the  foot  and  leg  due  to  diatnrbance  of  the 

^'^'Interal  circnlation.     Obtiteration  of  an  aneurvam  of  the  iliac  arteTy  above 

k         '**^  origin  of  tbese  veaaels  shonld  not  produce  aa  great  a  disturbance  in  periph- 

^■»'al  circulation. 
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Halsted  reports  the  cure  of  an  iliofemoral  aneurjsm  by  the  application  o: 
one  of  his  bands  to  that  vessel  and  the  result  of  his  operation  would  indical 
that  that  method  is  worthy  of  a  more  extended  trial. 

More  recent  methods  for  partial  occlusion  (Halsted,  Kassetti,  Matas  anci^  A 
Allen),  proximal  or  distal,  have  not  yet  been  tried  clinically.     Their 
experimentally  woiild  suggest  a  definite  field  of  clinical  usefiilness. 

From  tlie  above  meager  resiime,  it  woiild  seem  that  one  of  the  methodt 
of  partial  occlusion  should  be  used  as  the  first  stage  in  the  treatment  on^rr^of 
iliac  aneurysm  and  this  preliminary  step  followed  by  some  further  secondarj^— »rv 
operation  to  meet  the  conditions  which  remain  after  the  occlusion.  Thm^mzMhe 
character  of  the  8econdary  operation  must  of  nece88ity  be  selected  in  eadF^z^ 
čase. 

Internal  Iliac  Aneurjsms. — Any  of  the  branches  of  this  vessel  may  becom* 
aneurvsmal. 

Those  branches  most  frequently  in  vol  ved  are  the  gluteal  and  sciatic  arteriees^ 
These  may  be  intra-  or  extrapelvic.     The  former  are  so  infrequent  as  to  nee»= 
little  consideration.     In  1  čase  of  the  writer's  of  intrapelvic  aneury8m,  whic 
from  its  location  suggested  its  origin  from  the  sciatic,  operation  wa8  refuse 
and  the  patient  developed  sciatic  nerve  paralysis  and  8ubsequently  died 
hemorrhage  while  under  medical  treatment  for  that  condition. 

The  extrapelvic  variety  of  aneurysms  of  this  vessel,  while  not  conmion,  E:  is 
of  sufficient  surgical  interest  to  deserve  mcntion.  The  majority  are  due  t*"  to 
traumatism  and  are  chiefly  outside  the  pelvis,  although  some  may  projec^^^sc^ 
through  the  sciatic  notch  into  the  pelvis. 

Frischberg  collected  1 9  cases  of  gluteal  aneurysm  submitted  to  radical  sue:  -^^ii" 
gical  procedures.    In  2  of  his  collected  cases  proximal  ligation  (Anel)  was  donc-*^^^ 
with  1  death ;  the  internal  iliac  was  tied  in  5  cases  with  two  deaths ;  the  coie:*^^*^' 
mon  iliac  wa8  ligated  in  1  čase  which  resulted  fatally;  in  11  cases  treated  b<c:»   "J 
the  Antvllian  method  thero  were  2  deaths. 

Rupp  collected  45  cases  of  gluteal  aneurvsm  and  reports  a  successful  extiir  ^  ^^^ 
pation  of  gluteal  aneurv^sm  by  Lexer. 

Brvan  collected  24  cases  of  sciatic  aneurvsm  and  reports  a  čase  of  his  ovf^^^^^^ 
8uccessfully  treated  by  extirpation. 

Of  the  methods  used  he  mentions  injection  of  chlorid  of  iron  in  4  casesa^*^^*^ 
medical  treatment  in  1  čase;  compression  in  2  cases;  clamping  of  sciatic  in  ^^^^ 
čase;  galvanopuncture  in  l^case;  ligation  of  cx>mmon  iliac  in  2  cases;  ligatio: ^'^ -■^ -*^ 
of  internal  iliac  in  .5  cavses;  ligation  of  hvpogastric  in  4  cases;  ligation  of  sciatii  ^^^ 
in  5  cases. 

He  considers  it  feasible,  at  this  stage  of  modem  surgical  development-c:^^*^ 
to  attempt  anv  of  the  finer  surgical  procedures  of  obliteration  such  as  sutur^^*^  ^ ' 
Halsted^s   occlusion   methods,   the   ilatas   operation,   or   the  wiring  metho^>^^^^ 
(Moore-Corradi)  for  this  important  terminal  artery,  but  believes  that  ligatio^=:^ -*^^ 
and  extirpation  of  the  sac  should  be  the  method  of  election  for  the  treatment  c^     ^^ 
aneurysms  of  this  artery. 


/ 


THE  TREATMENT  OF  SPECIAL  ANEURTSMS     393 

Ligation  of  the  common  iliac  is  contra-indicated,  owing  to  the  daugers  in- 
cident to  that  operation.  Temporary  ligation  or  clamping  of  the  intemal  iliac 
might  be  used  for  those  cases  in  which  the  aneury8m  projects  into  the  notch 
until  the  sciatic  artery  could  be  properly  secured  on  its  proximal  side  when  the 
intemal  iliac  could  be  freed  from  the  temporary  compression. 

The  method  of  election  in  the  treatment  for  aneurysm  of  the  sciatic  and 
gluteal  arteries  would  then  be  extirpation  of  the  sac  with  or  without  temporary 
occlusion  of  the  internal  iliac  artery. 

The  incision  best  adapted  for  the  purpose  of  extirpation  is  a  long  curved 
incision  from  the  great  trochanter  parallel  to  the  gluteal  fold  across  the  but- 
tock.  The  tendon  of  the  gluteus  maximu8  should  be  cut  together  with  the 
gluteus  medius  and  these  muscles  so  displaced  as  to  expose  the  aneurysmal 
swelling.  After  ali  structures,  especially  the  sciatic  nerve,  are  dissected  free, 
ligation  and  extirpation  are  done  in  the  ordinary  manner.  Drainage  is  indi- 
cated.  Infection  occurred  in  Bryan's  čase  but  it  seemingly  did  not  interfere 
with  a  successf  ul  outcome. 

FEMOBAI.  ANEUBTSMS 

These  are  aneurysms  of  that  portion  of  the  femoral  artery  from  the  origin  of 
the  profunda  to  the  popliteal  end  of  Hunter's  canal. 

Herzen  quotes  deep  femoral  aneurysms  as  occurring  9  times  and  superficial 
femoral  aneurysms  as  occurring  20  times  in  the  traumatic  aneurysms  treated 
by  the  Russian  surgeons. 

Of  the  older  methods,  compression  in  its  various  fonns  and  ligation  were 
frequently  practiced  (Matas,  Bolton). 

Extirpation,  aneurysmorrhaphy,  or  some  form  of  the  ideal  operation  would 
seemingly  be  the  method  of  election  for  aneurysm  in  this  region. 

Aneurysm  of  the  profunda  femoris  is  rare.  A  čase  of  the  writer's  due  to 
subtrochanteric  fracture  with  successf  ul  obliterative  endo-aneurysmorrhaphy  is 
quoted  in  that  portion  of  this  article  devoted  to  the  TVIatas  operation  (v,  supra). 

Superficial  femoral  aneurysm,  due  to  the  ease  with  which  the  circulation 
can  be  controlled,  readily  lends  itself  to  the  more  radical  forms  of  surgical 
treatment.  In  those  cases  in  \vhich  the  collateral  circulation  is  sufficient  to 
avoid  the  dangers  of  gangrene,  extirpation  is  undoubtedly  the  method  of 
fhoice. 

When  the  vitalitv  of  the  limb  is  throatened  bv  occhision  of  the  vessel, 
restorative  or  reconstructivc  endo-aneurvsiuorrhaphv  or  some  one  of  the  forms 
of  the  ideal  operations  could  be  used  in  properlv  selected  cases. 

POPLZTBAIi  AKEUBTSMS 

Aneurysms   in  this   region  a^^   '^      '^ost   frequent   of  ali   the   forms   of 
''mtiheral  aneurysms. 

*  \  reason  there  are  m  f  treatment  than  need  any  seri- 
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0U8  consideration.    One  inay  divide  the  therapeutic  procedures  into  ancient  and 
modern  methods : 

The  ancient  methods  comprise  compression,  acupunctiire,  wiring,  ligation, 
proximal  and  distal,  and  ampiitation  of  the  leg.  It  does  not  lie  within  the 
province  of  this  article  to  discuss  the  demerits  of  the  above  forms  of  treatraent. 
Those  interested  in  the  subject  will  find  the  data  in  Delbet  and  Matas. 

The  modern  treatment  is  of  chief  interest.  Of  the  radical  methods,  ex- 
tirpation  and  the  Antjllian  operation  are  old  in  years  but  stili  have  modem 
advocates.  The  Matas  operations,  the  methods  of  gradual  occlusion,  and  the 
ideal  operations  are  of  more  recent  development. 

Herzen,  Delbet,  Monod  and  Van  Verts  believe  that  extirpation  is  as  suc- 
cessful  as  any  of  the  other  forms  of  treatment.  Aseptic  ablation  of  the  sac  is 
the  ideal  operation  in  their  estimation.  Herzen  believes  that  infection  is  an 
important  factor  in  the  prodiiction  of  the  late  results  of  this  operation  (i.  e., 
inflammatory  edema,  vascular  thrombosis,  peripheral  nerve  disturbances,  etc). 

Matas  regards  the  various  forms  of  his  operation  selected  to  meet  the  given 
conditions  as  the  ideal  operation  for  aneurjsms  of  this  region.  He  quotes  62 
cases  treated  by  his  method  with  1  death ;  2  cases  of  gangrene  of  the  limb ;  and 
3  relapses  cured  by  a  8econdary  intrasaccular  operation.  In  18  of  his  col- 
lected  cases  the  artery  wa8  reconstructed  so  that  the  continuity  of  the  blood 
stream  wa8  uninterrupted. 

Halsted  states  that  he  applied  the  metal  band  in  1  čase  of  popliteal  aneurysm 
but  gives  no  details.  Any  form  of  partial  occlusion  would  it  seems  to  me  have 
a  very  limited  field  of  usefulness  in  this  locality  and  should  be  limited  to  those 
cases  in  which  any  more  complete  operation  would  undoubtedly  cause  gangrene. 
Under  such  conditions,  partial  occlusion  might  be  used  pending  the  develop- 
ment of  collateral  circulation  or  even  to  reduce  the  size  of  the  aneurysm  before 
proceeding  to  more  radical  methods. 

The  value  of  the  so-called  *' ideal  operation"  so  selected  as  to  fit  the  indi- 
vidual  čase  of  popliteal  aneurvsm  is  as  vet  undetermined,  but  it  would  seem  that 
the  field  of  usefulness  of  these  more  or  less  intricate  procedures  is  very  definitely 
limited.  The  first  limitalion  is  covered  by  general  experience  on  the  part  of 
the  ordinarv  surgeon  in  the  technic  of  vascular  surgerv.  That  is  ea8ily  sur- 
mountable  by  a  process  of  education.  The  second  and  more  important  limita- 
tion  is  included  in  the  detail  of  the  operation.  This  detail  is  necessarily  arduous 
and  tinie-consuming  and  it  vet  remains  to  be  proven  whether  the  end  justifies 
the  means. 

Selected  cases,  e^peciallv  of  small  aneurvsnia  easilv  ablated  or  of  small 
arteriovenous  sacs,  in  the  hands  of  adepts  in  vascular  surgerv,  will,  I  believe,  be 
the  restricted  field  of  this  form  of  surgical  treatment  in  popliteal  aneoijsm* 
(See  Ideal  Aneurvsm  Operations  under  the  general  discussion  far 
tails.) 

In  2  personal  experiences  with  popliteal  aneurj-sm  the  r 
tion  of  Matas  was  easily  performed  and  the  result  was  moi 
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čase  was  observed  for  5  years  without  any  sign  of  recurrence.  The  only  disa- 
bilitj  in  either  čase  wa8  a  limitation  of  aboiit  10  per  cent.  in  flexion  in  the  knee 
in  vol  ved  in  the  operation. 

It  would  seem  from  the  above  that  the  operation  of  election  in  the  treat- 
ment  of  popHteal  aneurjsm  would  be  the  Matas  operation  in  one  of  its  forms. 
Tljat  fomi  of  endo-aneiirysmorrhaphy  miist  be  (ihosen  which  will  meet  the  con- 
ditioiis  of  collateral  circiilation  prevailing  in  the  caae  in  (piestion  (see  general 
diseussion  on  the  Matas  Operation). 

Should  conditions  arise  during  the  operation  or  afterward  which  render 
success  more  likely  by  means  of  some  other  form  of  operative  procedure,  extir- 
pation,  the  Antyllian  method,  and  the  ideal  operations  must  be  matters  of 
selective  second  choice. 

In  the  vessels  peripheral  to  the  popliteal  space,  Herzen  mentions  aneury8m 
of  tlie  posterior  tibial  in  5  cases,  anterior  tibial  in  4  cases,  anterior  and  posterior 
together  in  *3  cases,  peronoal  in  1  čase.  AH  wore  the  result  of  warfare  injuries. 
A^he  esseutial  method  of  treatnient  is  aseptic  extirpation  of  the  sac. 
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CHAPTER    XI 

ligations  of  aetebie8  in  continuitti 

Wai,ton  Mabtin 

OEHZRAL   CONSIDEKATIONS 

Tlie  ligation  of  an  intact  artery  is  spoken  of  as  ligation  in  continuitj', 
and  the  term  ia  uaed  in  contradistinction  to  the  tying  of  a  severed  vessel.  The 
arteriea  are  exposed  and  ligated   in  coutiuuity  for  a  number  of  conditione: 

(1)  in  the  treatment  of  aueury8ra8,  the  ligature  being  placed  near  or  at  a  dis- 
tance  from  the  sac,  either  distallj  or  proximally  {see  chapter  on  Aneurysin9)  ; 

(2)  as  a  preliminary  ineasure  in  certain  operative  procedures,  thua  the  lingual 
arteries  m&j  be  exposed  and  ligated  to  control  the  hemorrhage  in  removal  of 
the  tongue;  (3)  to  check  hemorrhage  in  some  branch  not  accessible;  (4)  to 
niodify  glandular  activity,  for  esample  the  auperior  and  inferior  tliyroid 
vessels  are  ligated  in  certain  cases  of  hyperthyroidiam ;  (5)  for  wounds  of  the 
larger  arteries. 

Initmments. — The  instrumenta  reqiiired  are:  scalpels,  thumb  and  tnouae- 
tooth  forceps,  retraetora,  sciaaora,  grooved  directora,  artery  forceps,  aueuryem 
needles,  and  ligatnrea. 

Lig^tarcH. — The  materiala  ordinariIy  uaed  are  silk,  kangaroo  tendon,  chro- 
mic  eatgut  for  the  larger  veasela  and  plarn  catgut  for  the  amaller  veasels.  In 
ligating  the  larger  Tossela  the  material  uaed  should  be  sIowIy  abaorbable,  auf- 
ficiently  pliable  to  tie  ea8ily  and  strong  enough  to  ataud  considerable  tenaion. 
It  ia  alao  desirable  that  the  surfaces  of  the  ligature  material  ueed  should  offer 
sufficient  friction  to  prevent  the  firet  loop  of  the  knot  from  slipping. 

Kangaroo  tendon  is  yery  strong,  Blowly  absorbable  and  flat  on  croBs-section 
rather  than  round,  so  that  wideT  surfaces  of  the  arterial  wallB  are  brougbt 
ili  contact.  It,  hi)wever,  liiis  a  suiDutliri"  siirfiict-  rh;iii  tlii'  hIIht  lifiuliirea  and 
tliereforc  there  is  more  tciidencv  for  the  Hrst  loi>p  uf  thi-  kiiul.  tu  ulip.  This 
objection  ia  met  hy  Uising  the  Blay  knot. 

Chromic  tAilgui  ia  alow]y  absorbahln  hilt  U  i«  not  iih  Hln>ri^  !in  kuiigariH) 

'  Tlio  auatouiirnl  tMnm 
tomirBi  Numeuclaturi-.  Tlii 
Sj-il  AnatoDiiefl, 
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teodoB,  the  Burface  ia  less  smooth  and  the  loope  of  tbe  kiiot  bare  lesa  tendency 
to  slip.  Bilk  is  etroDg  and  verv  pliable,  and  the  kuots  have  even  less  ten- 
dency  to  slip,  but  it  is  not  as  well  tolerated  bj  tbe  tissues,  and  it  is  nonab- 
aorbable.  Soft  floss  silk  sbould  be  used,  as  tbe  ordiDary  plaited  or  twiated  silk 
in  the  heavier  ligatures  makes  a  very  bard  knot. 

The  Enoti— The  preesure  in  the  larger  veseels  makee  it  difficult  to  keep  the  first 
loop  of  a  Bquare  knot  or  even  of  a  aurgeoii'B  knot  from  slipping  and  looseuing  and  tbua 
failing  to  occlude  the  luinen  of  the  veesel  completely ;  thia  fact  has  been  frequeQtl; 
obeerved  and  ie  borne  out  by  the  esperimental  work  of  Ballance  and  Edmunda  (2). 
Th^  suggeeted  the  use  of  the  so-called  8tay  knot,  and  this  is  the  best  knot  for  the 


^  -  B 

Fio.  I. — The  Stat  Kkot.    A.  Firat  loop;  B,  aecoiid  loop.     (Ballance  and  Bdmnnda.) 

purpose.  Two  or  more  ligatures  are  paaaed  eround  the  vessel  side  by  side,  and  the 
first  loop  of  a  square  knot  tied,  čare  beinif  taken  thnt  the  twiBts  of  the  loope  paas  in 
the  same  direction.  The  free  ends  of  the  ligatures  are  thpn  tightened,  sufficient  force 
being  applied  at  the  aame  tirne  to  occlude  the  TCBsel.  The  friction  of  the  ligaturea 
lying  Bide  by  aidc  is  sufficient  to  keep  the  first  loop  of  the  knot  from  Blipping.  Th'e 
tvo  ligatures  are  then  treated  as  a  single  ligature  in  tying  the  aenond  loop  of  a  Bquare 
knot  (Fig.  1). 

Th«  Force  to  Be  Applied  aad  the  Oneation  Whether  or  Not  It  Is  'Stavuarj  to 
Rnptore  the  Veuel  'WalL  — It  has  been  asserted  tbat  sufficient  force  sbould  be 
applied  to  occlude  the  veasel  but  not  to  rupture  the  wall.  The  veBsel  wall  ia 
tbus  tbrown  into  tranaverse  folds,  the  folds  l^ing  in  contact  vith  one  another  bo 
tbat  the  vesael  is  complete]y  plugged  {Fig.  2).  Eupture  of  tbe  arterial  coats 
of  the  larger  veaaela  ia  said  to  be  accompanied  by  tbe  danger  of  Becondary 
heraorrbage.  Thia  view  wa3  supported  by  the  experimental  work  of  Ballance 
and  Edmunda  (2)  on  the  larger  veasela  of  aheep  and  horsea.  Tbeir  treatiae  ap- 
pearcd  in  1891.  In  1894  Forgue  and  Botbezat  (12),  bowever,  diaagreed  with 
theae  concluaiona  and,  from  tbeir  experimental  work,  condemned  tbe  ligation 
withoiit  nipturiiig  the  coats.  Tliey  adviaed  that  the  ligature  be  tied  witb  snf- 
cient  force  to  rupture  the  inner  and  middle  coats.   Monod  and  Van  Verta  ( 18) 
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in  tbeir  monograpb  on  tbe  surgerj  of  srterj««  iutvv  »dupiud  tliii-  \-'n:* 
The  atnotmt  of  force  necesearj  to  ruptur«  tli«  ttntii'i4(l  couu-  (iitli:i 
in  the  liring  subject  and  in  the  cadaver,  d\ut  W  tli«  i.iHuu:uiA-  m  i 
arterial  tension,  and   is  dependent  on 
ttie  size  and  pressiire  in  the  differeiit 
vessels.     If  the  stay  knot  ia  used,  the 
force  neces9ary  to  rupture  is  said  in 
some  casea  to  exceed  ten  poundB,  whieh 
Lister    said    vvaa    the   masimnm   force 
which  could  be  appHed  under  the  condi- 
tions  of  ligation  in  continuitj.     There- 
fore,   in  using  a  ata,y  knot  in  ligating 
the   larger   vessels   one   need   not   fear 
erring  on  the  side  of  escess. 

In  several  of  the  caees  of  HgatuTe  of 
the  innominate  artery  reported  Bince  1891 
(T)  there  ia  reference  to  the  fact  that  an 
elTort  wa9  made  to  draw  the  ligature  euffi- 
cicntlr  tight  to  occlude  the  Tessel  but  not 
to  rupture  the  coatB.  Ab  the  ligature  le 
tightened  there  is  a  diBtinct  give,  wheTt  the 
constricting  force  becomes  aufficient  to  rup- 
ture the  inner  coatB.  From  veseels  the  8iie  Fio.  2. — A,  Ihfoldinu  ot  Vkhhki.  V/»i.ijt 
of  the  fenioral  (8  mm.,  0.32  in.)  downward, 
it  is  eertainlj  of  no  conseguence  if  the 
coats  are  ruptured,  and  I  believe  eren  in 
the  larger  Tessels  there  ia  more  danger  of 

not  occluding  the  lumen  than  of  cauaing  secondar^  hemorrhage  from 
coats  by  the  ligature. 


Pio.  2. — A,  Ihfoldinu  ot 

BI  THB     LiaATCHK    W|TH 

Theh:  B.  Occluhion  tur 
TBE  Infoldino  ur  TtllC 
(BollBDce  and  Edniuntlii.] 


B«sn1ta. — llost  of  the  deaths  after  ligature  of  the  vessels  dono  liofom  tho 
nature  of  iiifection  vas  understood  resulted  from  secondary  hemorrliug«  dii.' 
to  infeetion,  Statiatics  taken  from  cases  reported  since  the  introdiiriiifi  of 
antisoptic  nnd  aseptic  measures  show  an  extraordiiiary  change  in  iiii)rtality. 
The  ligation  of  aiiv  excepting  the  largest  veasels  novadavs  (!roat«s  no  coiii- 
ment,  and  the  cases  are  not  as  a  rule  reported  escepting  incidenta  I  l.v. 

The  frec[ueiice  of  gangrene  of  the  estremitiea  followin{^  the  ligatnro  of 
the  main  vessels  of  the  extrciuities  seenis,  howevcr,  to  lijive  slifrlitlv  in<T('Hflcd 
dnring  the  same  period,  judping  from  the  cases  collectcd  and  e]ussifi«!d  liv 
Wolff  (29).  This  mav  be  dne  to  the  fact  tliat  lifrutnro  of  the  vcssi-ls  of  th(f  ex- 
treniities  is  oftcn  not  reported  iinless  something  iiiinsiial,  such  as  gangrttnu, 
occurs. 

Recognition  of  the  Artery. — The  artcrira  .Inriiifr  lifc  nrr  jiliiki-ili  \vhite 
and  ean  bc  scen  and  felt  to  jmlsute  svnchroiioK-ilv  \vitli  tlic  hrart.  TIk?  iicrvca 
are  round,  pure  wLite  cords.     The  veins,  oftcn   Ijirfrcr  tlian  the  arteries,  ar* 
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dark  blue,  flatten  readilj  under  the  finger  and  become  swol1en  wheii  j 
is  applied  to  the  cardiac  angle  of  the  wound. 

Opening  the  Sheatli  of  the  Veuel  and  Fassii^  the  Aiiear7Bm  Keedlfl.  —  The 
vessela  and  nerves  are  usually  Biirrouiided  by  a  conoective  tisBiie  sheatli,  and 
it  is  necessar^  to  iucise  this  sheath  to  pasa  the  ligature  about  tlie  arter^:  for 
ezample,  the  common  carotid,  the  internat  jugular  and  the  vagus  nerve  are 


VEIN 

— PiNCBINO  UP  THE  ShEATB 


FoLD.     (Parabeut.) 


contained  in  a  connective  tissiie  sheatli, 
to  paaa  a  ligatiire  anmiid  tho  carotid. 


viliioh  it  19  iiooessarv  to  open  in  order 
Tlio  (-Diiiifctive  tiasiie  of  the  sheath 
invests  the  veasel  cIoaely.  The  »heath  iiiav  ]ie  (ipimcd  liv  dividing  the  structure 
with  a  knife,  čare  being  takcii  that  the  ciit  siinplv  iiusscs  tliroiigh  the  sheath; 
or  it  may  be  pinched  up  by  thiimb  forceps  so  that  ji  futd  is  lifted  up  trans- 
veraely  to  the  axifl  of  the  vessel  and  over  tlie  iirtcrv.  'l'ho  fold  is  then  in- 
cised.  The  iiieisioii  shoiild  be  aboiU  H'  min.  (J/.'  in.).  A  biittun-hole  is  thus 
formed  in  the  slieath,  and  if  neceasarv  this  niuv  bii  itadilv  eiilarged  (Fig.  3). 
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After  the  sheath  is  opened  tlic  aneiiry3ui  oeedlc  is  passed.  The  rule  is 
to  pass  tlie  needie  away  from  the  point  of  danger ;  thus  the  Ugature  is  passed 
from  witlioiit  inward  in  ligating  the  common  carotid,  čare  being  taken  that 
tlio  instrument  is  kept  in  contact  with  the  artery,  bo  that  a  veln  or  nerve  Iying 
in  tbe  sheath  may  not  be  incliided  in  the  ligature. 

imromNATE  abterv 


Anatomy. — The  innominate  artery  is  3  to  4  cm.  (1^^  in.)  long  and 
iibont  14  to  15  mm.  (Yj  in.)  in  diametcr.  It  rises  from  the  arch  of  the 
a<irta  at  the  jiinction  of  the  asccnding  and  horizontal  portion  in  front  and  to 
tlie  right  of  tlie  left  common  carotid.     It  pasacs  upward  unS  to  the  right,  and 


opjMDsite  the  sternoclavicular  joint  divides  into  the  two  terminal  brancbes, 
the  right  common  carotid  and  the  right  eiibclaviaii.  It  is  thus  placed  en- 
tirelv  within  the  thorax.  The  posterior  siirface  of  the  stemiim  ia  separated 
from  the  veasel  by  tlie  inferior  insertion  of  the  right  8temohyoid  and  stemo- 
thyroid  muscies,  the  rcmains  of  the  thviims  gland  and  tbe  left  innominate 
vein.  It  is  ulso  cnissed  hv  the  ciirdiuc  HliiinciitH  of  the  vagiis  and  iisually  by 
the  two  right  inferior  tbvroid  vciiis.  The  innoniinatc  tnnik  crosscs  tbe 
traehea  obliqiiely.  smd  betvvocn  it  iind  tlie  traclieii  are  cardiac  filaments  of 
the  8ympatbetic  and  rociirrent  laryngeal  nerves.  On  its  onter  side  it  lies  in 
contact  with  the  pleiira,  wbieb  "«»»>iratea  it  from  the  right  lung,  and  ia  in 
relation  with  the  right  innomi  and  the  viigna. 

Tbe  projoctjon  of  the  coui  esscl  on  the  stcrimm  corresponds  to 
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a  lino  passing  at  the  level  of  the  lower  border  of  the  stemal  extremiiy  of  the 
firat  eoatal  cartilage  in  the  mid  line  (Fig.  4)  upward  and  outward  to  the  level 
of  H  line  passing  through  the  middle  of  the  right  stemoclavicular  articulation. 

Operation. — The  patient  is  placed  in  the  dorsal  position  with  the  neck 
OKtended  and  the  shoulders  slightlj  raised. 

KlKST  METHOD. — The  incision,  about  7.5  cm.  (3  in.),  commences 
jnst  above  the  clavicle  and  passes  to  the  interval  between  the  insertions  of 
the  stemni  portion  of  the  stemocleidomastoid  muscle,  where  it  is  joined  bj  a 
8t.H'()nd  incision  of  about  the  same  length  along  the  mesial  border  of  the  sterno- 
niastoid  muscle.  An  angular  incision  is  thus  made  with  the  apex  of  the  angle 
d()wnward.  The  skin,  superficial  fascia  and  platysma,  stemomastoid,  sterno- 
h;void  and  sternothyroid  are  divided  in  the  line  of  the  horizontal  portion  of 
the  skin  incision.  The  triangular  flap  thus  formed  is  retracted.  A  deep  laver 
of  fascia  containing  the  inferior  thjroid  veins  is  carefully  divided  by  blunt 
diHsection,  and  the  veins  are  retracted,  or,  if  this  is  difficult,  they  are  divided 
between  two  ligatures..  The  sheath  gf  the  conmion  carotid  then  comes  in  view. 
The  sheath  is  opened,  the  jugular  and  vagus  are  retracted  and  the  carotid  fol- 
lowed  downward  until  the  origin  of  the  right  subclavian  is  seen.  The  upper 
portion  of  the  innominate  artery  is  then  exposed  by  blunt  dissection  and  the 
right  innominate  vein  retracted  with  the  vagus  outward  and  the  left  ia- 
nominate  pushed  downward,  and  an  aneurysm  needle  passed  from  without 
inward  and  the  ligature  tied. 

8EC0ND  METHOD. — The  upper  portion  of  the  stemum  and  the  ri^t 
stemoclavicular  joint  are  resected  to  gain  a  better  exposure  of  the  vessel.  The 
incision  in  this  čase  extends  along  the  anterior  border  of  the  stemocleido- 
mastoid muscle  from  the  level  of  the  cricoid  to  5  cm.  (2  in.)  below  the  superior 
edge  of  the  aternum.  This  is  joined  by  a  transverse  incision  passing  hon- 
zontallv  inward  from  the  middle  of  the  clavicle.  After  the  stemal  muscles 
are  divided,  the  right  stemoclavicular  joint  and  about  2.5  cm.  (1  in.)  of  the 
right  upper  portion  of  the  stemum  are  removed  by  means  of  trephine  and 
bone  forceps.  A  flat  retractor  is  passed  beneath  the  bone  to  protect  the  vessels 
during  this  part  of  the  operation.  The  rest  of  the  dissection  is  carried  ont 
as  in  the  first  met  hod. 

THIRD  METHOD. — The  manubrium  stemi  is  split  in  the  middle  line,  then 
divided  transverselv  just  above  the  second  rib.  The  two  halves  can  be  sep- 
arated  for  5  cm.  (2  in.).  The  vessel  is  then  exposed  and  ligated  as  above 
(Curtis,  7). 

Results. — In    1005    Sheen    (25)    published   a   table   made   up  of  36  re- 
ported  ciisos  of  ligation  of  the  innominate  artery.     The  first  of  these  reports 
dates  back  to  1818  (Mott).     The  mortality  based  on  these  statistics  is  78  per 
cent.     Statistics  based  on  the  cases  reported  since  1871,  that  is  omitting  the 
cascs  reported  beforc  the  antiseptic  period,  and  adding  the  čase  reported  by 
Hnrns  (4),  1!M)S,  and  2  reported  by  the  Japanese  army  surgeon,  Saigo  (22), 
sliovv  a  niortalitv  of  47  per  cent.,  19  cases  with  9  deaths. 
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Anatomy. — The  right  carotid  arterj  arises  from  the  innominate  arterj, 
the  left  from  the  arch  of  the  aorta.  They  pasa  upward  in  the  neck  to  divide, 
about  1  cm.  (2/5  in.)  above  the  superior  border  of  the  thyroid  cartilage, 
into  the  extemal  and  intemal  carotid.  The  level  of  the  bifurcation  varies, 
and  from  4  cm.  (1.6  in.)  above  to  4  cm.  (1.6  in.)  below  the  level  indi- 
cated  above  as  normal  is  said  to  be  the  extreme  limit  of  this  variation 
(Livini). 

From  their  difference  in  origin  the  left  carotid  is  necessarilj  longer  than 
the  right.  A  line  drawn  from  the  hollow  between  the  angle  of  the  jaw  and 
the  mastoid  process  to  the  stemoclavicular  joint  corresponds  to  the  course  of 
the  common  carotid  in  the  neck.  The  relations  of  the  right  and  left  common 
carotid  in  the  neck  are  the  same.  The  artery  lies  on  the  prevertebral  aponeu-» 
rosis  which  covers  the  longus  colli  and  the  longus  capitis.  These  muscles 
separate  the  vessel  from  the  transverse  processes  of  the  cervical  vertebra,  a 
little  mesial  to  their  anterior  tubercles.  The  sympathetic  nerve  lies  behind 
the  carotids,  and  its  superior  and  middle  branches  pass  behind  the  vessel  before 
they  enter  the  thorax.  At  the  level  of  the  anterior  tiibercle  of  the  sixth  cer- 
vical vertebra  (tubercle  of  Chassaignac)  the  inferior  thvroid  artery  crosses 
behind  it.  On  its  inner  side  are  the  trachea,  the  esophagus,  and  the  recurrent 
nerve,  and  higher  up  the  larynx  and  pharynx.  The  esophagus,  owing  to  its 
curve  to  the  left,  lies  in  closer  relation  to  the  left  carotid  than  to  the  right. 
On  its  outer  side  is  the  intemal  jugular  vein;  when  the  vein  is  distended  it 
partly  covers  the  vessel  anteriorly,  and  as  the  vessels  pass  upward  the  vein 
has  a  tendency  to  lie  in  front  of  the  artery,  a  position  which  it  definitely 
occupies  in  the  neighborhood  of  its  termination.  The  vagus  nerve  usually 
.  lies  between  the  vein  and  the  artery  posteriorly.  The  artery  is  covered  in 
front  by  the  skin,  the  platysma,  and  the  stemocleidomastoid,  with  the  aponeu- 
rosis  derived  from  the  cervical  fascia.  When  the  head  is  in  the  position  which 
is  usual  at  operation,  with  the  face  turned  to  one  side,  the  vessel  at  the  root  of 
the  neck  lies  beneath  the  interval  between  the  stenial  and  clavicular  attach- 
ments.  In  the  middle  of  the  neck  the  artery  is  covered  only  by  the  anterior 
border  of  the  muscle.  Xear  its  termination  the  vessel  lies  a  little  anterior 
to  the  muscle,  covered  by  the  fascia,  platysma  and  skin.  The  deep  cervical 
lymph  glands  which  lie  beneath  the  stemocleidomastoid  are  in  relation  with 
the  intemal  jugular  vein  rather  than  with  the  arterv  (Fig.  5).  The  descend- 
ing  braneh  of  the  hvpoglossal  passes  down  the  surface  of  the  vessel  and  the 
nerve  and  the  loop  \vliich  it  fornis  with  the  cervical  uervcs  lies  on  or  within 
the  carotid  shcatli.  The  superior  and  middle  thvroid  veiiis  also  eross  the 
artery  to  emptv  into  the  jugular,  and  a  small  arterv,  the  sternoeleidoniastoid 
braneh  of  the  oeeipital,  crosses  the  upper  part  of  the  vessel.  The  posterior 
border  of  the  lateral  lobe  of  the  thvroid  gland  also  lies  in  front  of  the  vessel. 
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The  carotid  artery  and  the  vagus  nerve  are  contained  in  a  thm-walled  buza 
distinct  connective  tisaue   sheath. 

Operation. — Tlie  artery  is  usiially  ligated   (1)   above  the  omohyoid;   (fi 
immediatel,y  below  the  omohyoid.     The  8ite  of  election  is  immediatel;  abo^;^ 
the  omohyoid. 

(I)    LIGATION  ABOVE  THE  OMOHTOID. — Tlie    patient    19    placed    in   t^r: 
dorsal  position  with  the  shonldcrs  slig)it1y  elevat«d  and  tlie  face  tumed  t6  t^B 


Fio.  5. — The  Stehnoclbidohastoiii  Diiawn  Backvard  with  tbe  Ekternai.  Jvoular  Vbim 
Itb  CoNFLtJENT  Veins,  Facial,  LiNUCAL.  Phartnobal.  etc.     V,  V,  lotenuU  jusular:  C,  eor» 
carotid:  t,  thyroid;  p,  p,  parotid;  h.  hyoid.     (Farabeuf.) 


opposito  side.  The  incision  is  mnde  along  the  anterior  border  of  the  ste''^*^'*'" 
cleidomastoid  miiscle.  Ita  length  slionld  be  abont  8  cm.  (3  1/8  in.).  T^™ 
center  of  the  incision  corresponds  to  the  cricoid  cartilage. 

The  skin,  superficial  fascia  and  platvsma  are  divided  in  the  line  of  *^ 
incision.  The  anterior  cd^e  of  the  sternocleidomastoid  is  exposed,  and  t*« 
fascia  encloainu  the  niuscle  divided.  Tho  musele  is  retracted  outward,  ^^' 
posing  the  niiddle  laver  of  the  ccrvical  fascia,  enclosing  the  omohyoid.  Tt^^ 
fascia  is  divided  in  the  dircctioii  of  the  fibers  of  the  miiacie,  and  the  musc!»* 
is  retracted  downward  and  inward.  The  anterior  and  middie  thvroid  vei 
then  conic  in  view;  they  are  divided  between  ligatures  or  retracted.  Tb* 
sheath  of  tlie  vesscls  nftw  appears  at  the  bottom  of  the  woiind.  A  portion  *'' 
the  shcatli  Is  pini-hed  »p  hy  forceps,  making  a  fold  transverse  to  the  course 
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tli< 


a. 


of   tlio  vcssels  and  incised.     The  opening  in  the  sheath  is  made  well  to  the 

iniier  side  to  avoid  the  vein.     When  the  vein  is  distended  it  completelj  over- 

Japs  the  artery.     The  exact  position  of  the  artery  can  be  determined  by  the 

|>iiIsation  of  the  vessel.     The  opening  in  the  sheath  is  enlarged  8ufficiently  to 

idontify  the  arterial  wall,  and  the  edge  of  the  sheath  grasped  by  thumb  forceps 

aiid    held  up  while  an  aneurysm  ncedle  is  gently  inserted  from  without  in- 

wa.  !•<!,  hugging  the  artery  as  it  is  passed  aboiit  it,  so  that  the  vein  or  the  vagus 

ii€?i-^'e  may  not  be  injured.     The  needle  is  then  threaded  and  withdrawn  and 

knot  tied. 

The  thyroid  veins  sometimes  form  a  plexu8  whieh  lies  in  front  of  the 
rv. 

(2)  LTGATION  BELOW  THE  OMOHTOID. — The  incision  is  made  along  the 
aiAt;c3ri()r  border  of  the  sternocleidomastoid  muscle  from  the  level  of  the  ericoid 
^^^^^JV^im^ard  for  about  8  cm.  (3  1/8  in.)-  The  skin,  superficial  faseia,  and 
l^^a^^vsma  are  divided,  and  the  edge  of  the  sternocleidomastoid  exposed  by 
^'^'^"iding  the  faseia;  the  niuselo  is  then  retractcd  outward.  The  small  sterno- 
^**^^i  doniastoid  artery  usually  crosses  the  upper  part  of  the  incision  and  is 
*^  * '^'^  i  (led.  The  tendon  of  the  omohyoid  enclosed  in  the  middle  layer  of  the 
*^****«*?ia  of  the  neck,  crossing  the  arterv  obliqiiely,  is  identified,  the  faseia  cov- 
^»•ixig  it  divided,  and  the  tendon  retracted  iipward  and  inward.  Čare  is  taken 
*^^^^  to  divide  the  descending  branch  of  the  hypoglossal  nerve  lying  in  the 
^*^^*ith.  The  sheath  is  opencd  and  the  anenrysm  needle  passed,  threaded,  and 
i^^tlidravm  as  in  the  operation  described  above. 

Besnita. — Hemiplegia  follow8  in  certain  cases  of  ligature  of  the  common 

otid.     The  accident  usually  occurs  from  the  end  of  the  first  to  the  end  of 

^*^^    third  day.     In  the  great  majority  of  cases  it  terminates  fatally.     It  is 

®^ic3  to  be  due  to  the  extension  of  the  thrombus  from  the  site  of  the  ligature 

^*^>xig  the  intemal  carotid  to  the  cerebral  arteries;  an  attenuated  infection 

^®      probablv  a  factor  in  its  production.     Insufficient  arterial  communication 


LlOATURB 

NUMBER 
OF 

Cabes 

NCMBER 
OP 

Dbatbs 

PSHCaNTAOB 

'^^i'  nervous  affections — epilep8y,  elephantiasis 
^f  the  face  (vasciilar  system  sound) 

40 

1 

2.5 

^^^i*  traumatic  pulsating  exophthalmo8 

76 

4 

5.2 

*Or  idiopathic  exophthalmos 

27 

6 

22.2 

'^t*  aQeury8m  (not  including  exophthalmo8) 

276 

102 

36.7 

^^i*  removal  of  tumors 

115 

49 

42.6 

'^^r  hemorrhage 

322 

163 

50.6 
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between  the  cerebral  arteries  of  the  two  sides  is  also  a  factor  (De  Fourmes- 
traux,  8). 

The  mortality  rate  according  to  statistics  of  Siegrist  (26)  (1900)  taken 
from  997  cases  is  38  per  cent. 

The  table  on  page  407  taken  from  Siegrist  is  of  interest. 


EXTERNAL  CABOTID  ABTEBY 

Anatomy. — The  upper  portion  of  the  line  drawn  from  the  hollow  be- 
tween  the  angle  of  the  jaw  and  the  mastoid  process  to  the  sternoclavicular 
joint  corresponds  to  the  external  carotid.  The  bifurcation  of  the  common 
carotid  into  the  internal  and  external  carotid  usuallj  takes  plače  a  little  above 
the  upper  border  of  the  thyroid  cartilage;  it  terminates  by  dividing  into 
the  superficial  temporal  and  internal  maxillary,  usuallj  about  4  cm.  (1.6  in.) 
above  the  angle  of  the  mandible,  that  is  to  say  a  little  above  the  middle  of 
the  posterior  border  of  the  ascending  ramus  (Livini).  It  is  generally  about 
7  cm.  (2.8  in.)  long,  but  varies,  according  to  the  position  of  the  bifurcation 
and  its  plače  of  origin,  between  3  cm.  (1  2/5  in.)  and  11  cm.  (4  2/5  in.) 
(Livini).  It  is  smaller  than  the  internal  carotid,  its  diameter  being  about 
6  mm.  (1/4  i^O*  At  its  origin  it  is  placed  a  little  within  and  anterior  to  the 
internal  carotid.  The  first  portion  of  the  vessel  is  relatively  superficiah  It 
is  covered  by  the  skin,  superficial  fascia,  and  platysma,  and  the  stemocleido- 
mastoid  or  (in  the  position  assumed  at  operation  with  the  face  tumed  to  one 
side)  the  cervical  fascia  which  divides  to  enclose  this  muscle.  Under  this 
fascia  is  a  laver  of  cellular  tissue  containing  a  varying  amount  of  fat  and  a 
number  of  Ivmph  glands.  The  hypoglossal  nerve  crosses  the  artery  from  5  to 
20  mm.  from  its  origin;  and  the  large  vein  (the  common  facial)  formed  by 
the  junction  of  the  facial  and  the  anterior  division  of  the  temporomaxillary 
passes  over  the  vessel  close  to  the  bifurcation.  This  large  venous  trunk  often 
completely  covers  the  artery.  The  vessel  lies  in  this  part  of  the  course  on  the 
internal  carotid,  \vhich  it  gradually  crosses  obliquely.  It  lies  at  first  a  little 
anterior  and  internal  to  the  carotid.  The  glossopharyngeal  nerve  passes  be- 
tween  the  external  and  internal  carotid,  and  the  superior  laryngeal  passes  to 
the  inner  side  of  the  vessels. 

The  extenial  carotid  then  passes  upward  in  contact  with  the  phar- 
ynx,  and  under  the  posterior  belly  of  the  digastric  and  8tylohyoid, 
and  finali  v  enters  the  substance  of  the  parotid.  The  artery  is  held  in 
intiniate  relation  with  the  gland  by  the  branch  \vhicli  it  gives  off  in  this 
part  of  its  course.  The  other  structures  passing  through  the  parotid,  the 
cxternal  jugiilar  vein,  the  auriculotemporal  nerve,  the  facial  nerve,  and 
most  of  tlie  parotid  lympli  glands  are  situated  extenial  to  the  artery  (Figs. 
O,  7,  S). 

Operation.  — The  patient  is  placed  in  the  dorsal  position  with  the  head 


EXTERNAL  CAEOTID  ARTERY 


slightlj  eKteoded  and  the  face  tumed  to  the  opposite  side.  The  skin  and 
Buperficial  tissuea  are  divided  in  the  line  extending  from  the  angle  of  the 
jaw  to  the  ericoid  cartilage;  the  plat^sma  and  the  cervical  fascia  covering 
tlie  sternocleidomaatoid  are  ciit  throu^,  and  the  edge  of  thia  muscle  is  ex- 
posed  and  retracted.    The  cellular  tissue  and  l^mpli  glands  are  pushed  to  one 


Fio.  B. — LiaATORG  OFTMB  Lkpt  E^ternal  Carotid.  m.  Ansleof  jaw;  1,  ftnterior  tmrderof  theat«Tno- 
cleidomBatoid:  2.  the  art«ry  with  the  dRscending  branchofthe  hypoglosssl;  3.  hypogloaH»l:  4,  pmrterior 
beli}'  of  the  dignitric;  6.  tip  of  greaMr  cornua  of  hyoid  bone:  6,  thvrofacial  lingual  tnink  drami  dovD' 
ward  and  ioward  to  ahow  the  plaoe  of  eiection  for  l'g»*'"e  betweea  the  oricin  of  the  auperior  thyn>id 
and  the  IIhkuiiJ.     (Farabeuf.) 


side  by  blunt  disBeetion,  and  the  tendons  of  tho  digastric  and  Btylohyoid  raue- 
cies  with  the  hvpoglossal  nerve  identified.  The  artery  is,  at  thia  point,  often 
partly  covered  by  the  facial  vein  as  it  joins  the  interna!  jngiilar;  hut  by  blunt 
dissection  the  vein  can  be  puahed  to  one  side,  or,  if  it  ie  too  mneh  in  the  way, 
it  may  be  divided  between  Hgatiirea,  The  intemal  jiigiilar  is  carefully  re- 
tracted outvvaril  and  the  arterv  pxposed  for  a  distance  sufficient  to  aee  one 
or  more  of  the  branchea  springinp  from  the  vcssel  anteriorlv-  The  aneiirysni 
necdle  is  then  passed  from  witboiit  inward  aroimd  the  vessel,  great  čare  being 
taken  that  the  needle  be  kept  in  contact  with  the  arterial  wall  ao  that  the 
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Biiperior  larvngeal  neire  may  not  be  eaiight  in  the  ligature.     The  ueedle  ' ■ 

tlireaded,   withdrawn,  and  the  ligature  tied. 

Tlie  intenial  carotid  baa  becn  inistakeii  for  tlie  pxteriiul.     If  tlie  vcssel^^s^ 


Fra.  7. — Rblationb  arrtm  Intbrhal  akd  ExTEKNAt.CAHi>TiDa     (Sul>]M-t  in  same  pomlion  as  at 
tion.)   M.LowcrborderofniBiidil)1r;M',iinBli'of  iiiRnJible  H  hjoid  bone  h  GitremitynfUtP 
homoflhe  hyoid ;  Sh.  ulemohvoid ;  Oh,  aiiiohyoid:  th,  lhyRih>oid  ph    inrpnorcoliatnctoraipt 
ph.  taiddle  constricUjr;  d,  imsteriar  biilly  uf  tlicdiltiulnirpcrforatioiiof  theatylohMiid    d     putlf 
digantric ;  Hg.  hyoslostius;  Mh,  niylohyQid ;  P,  pamlid  glend  ™>  ered  with  aponeurmiiB  of , 
Hm.  HUbniaxillary  gUnd  lift«d  up:  Je.  citernaJ  jueular  Ji  intcmul  jugular  eipiMcd  by  [hc  TctneCV 
o(  the  uternomastoid ;  hyp,  loopof  the  hypo^<»Bat:  I.8.,  auperior  laryQ«eal  ocrve;  Cp,  i^)Diiuod  aao*  *-^^ 
Ci,  intcmal  carotid;  C.E..  eztemal  canitid;  t,  superior  thyroid;  1.  lingual:  F.  facial.     (Farabeut.) 

is  sufficiently  esposed  to  8how  the  branches,  thia  mistake  cannot  occnr,  t       "" 
the  internat  does  not  givo  ofF  braiiches  in  tlic  neck  except  verv  csccptiona  -^'v 
ft   pharvnjieal   or   ocpipitnl   bnuidi.       The    anastomosis   between    the    branc^^*' 
of  tbe  right  and  left  extemal  oarotid  is  ver;  free,  bo  that  the  ligation  of  K^' 
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vessel  on  one  side  often  has  not  a  marked  effect  on  the  hemorrhage  from  the 
regions  snpplied  by  these  vessels. 


INTERNAL  CABOTID  ABTERT 

Anatomy.  — The  linear  giiide  is  the  same  as  that  for  the  extemal  carotid, 
tliat  is,  the  upper  portion  of  a  line  drawn  from  the  hollow  between  the  jaw 
and  the  mastoid  process  and  the  sternoclavicular  joint.  The  cervical  portion 
of  the  internal  carotid  at  its  origin  lies  a  little  latcral  to  the  external  carotid, 
biit  as  it  passes  iipward  it  is  directed  mesially,  thiis  passing  behind  the  ex- 
ternal  carotid  and  crossing  it  very  obliqiiely  from  withoiit  inward.  The  first 
portion  of  the  arterj  is  covered  only  by  the  skin,  siiperfieial  fascia  and  platjsma 
and  sternocleidomastoid.  On  its  inner  side  is  the  pharvnx  and  in  front  of 
the  vessel  is  the  external  carotid.  Posteriorlj  it  lies  on  the  transversc  processes 
of  the  cervical  vertebra*,  covered  by  the  longiis  capitis  mus(;les.  The  internal 
jugiilar  lies  in  contact  with  its  extemal  wall.  As  it  passes  upward,  it  lies 
behind  the  posterior  bellies  of  the  digastric  and  stylohyoid  mnscles,  and  is 
deeply  placed  behind  the  stylopharyngeiis  and  the  deep  surface  of  tlie  parotid 
gland.  It  is  crossed  by  the  occipital  and  posterior  auriciilar  arteries.  The 
vagus  and  the  npper  ganglion  of  the  sympathetic  lie  behind  the  artery.  The 
hypogIo8sal  crosses  the  vessel,  and  the  gl()ssopharyngeal  and  pharyngeal 
branches  of  the  pneiimogastric  pass  between  the  external  and  internal  carotid, 
and  the  superior  laryngeal  lies  to  the  inner  side  of  the  vessel.  The  spinal  ac- 
cessory  nerve  at  its  exit  from  the  skiill  lies  close  to  the  artery,  biit  iisuallv  passes 
backward  and  downward  beneath  the  jugiilar  vein.  The  internal  carotid  is 
slightlv  larger  than  the  external — 6  mm.  (Vt  in.)  (Figs.  7  and  8). 

Operation. — The  patient  is  placed  in  the  dorsal  position  with  the  head 
slightly  elevated  and  the  face  turned  a  little  to  one  side.  The  incision  is 
made  along  the  anterior  border  of  the  sternocleidomastoid  from  the  angle  of 
the  jaw  downward  for  abont  8  cm.  (3  1/8  in.),  having  its  middle  point  op- 
posite  the  hvoid  bone.  The  skin,  siiperfieial  fascia  and  platysma  are  divided, 
and  the  edge  of  the  sternocleidomastoid  exposed  by  incision  of  the  fascia. 
The  miiscle  is  retracted  outward.  The  celliilar  tissiie  with  the  Ivmph  glands 
is  divided  by  blunt  dissection  and  piished  to  one  side.  The  hvpoglossal  nerve 
passing  almost  transversely  across  the  woiind  is  identified  above,  and  the  large 
venoiis  trunk  (the  common  facial)  a  little  lo\ver  dcnvn.  This  venoiis  trunk  is 
freed  by  blunt  dissection  and  retracted  inward.  The  externa]  and  internal 
carotid  and  the  bifurcation  of  the  coiiimoii  carotid  are  cKposed  and  the  internal 
carotid  identified  bv  the  absenee  of  l)niiiclies  (  Fi^s.  7  and  8).  The  aneurvsm 
needle  is  passed  from  witho\it  inward,  liuiiuiiii!:  llie  vessel  closclj. 

Besnlts. — Tn  a  ccrtain  percentaire  of  easos  lieniipleiria  f<)llc)ws  tlie  ligation 
of  this  vessel  as  of  the  coniinon  carotid.  In  the  iireat  iiiajoritv  of  ease*s  this 
complication  is  fatal.      It   is  due  to   a  tliroinlms   start inir;  from   the  point  of 


pio  8 DiesatmoN  OP  Neck.  Lbit  Sidb.     M.  Mastoid;  St.  d.  m.,  Htcroocloidomnaloid;  Sp.  »P'^!^, 

b.  oompleiUB:  Dig.digastric;  Je.exteniftl  jugular;  Ji.  inleniiU  jugular;  H.  hyoiil;  1,  iBi|)eriorll«^™; 
2.  lingual:  XII.  hvpoglosBal:  3.  facial;  Gl.  s.  ni.,  tJubinBiilliiry  glmid;  4.  occipital;  5,  »«■»'!«» 
BTt.;  e,  inl^rnal  maiilleuT. 
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ligation  and  cxtending  to  the  cerebral  arteries.     It  is  said  to  occur  in  15 
per  cent.  of  the  cases. 

For  ligation  of  the  superior  thyroid,  lingual,  facial,  oceipital  and  super- 
ficial  temporal  arteries,  see  special  chapters  in  this  work  dealing  with  surgery 
of  the  respective  regions. 


SUPRA-ORBITAL  ABTEBT 

Anatomy. — The  vessel  passes  out  of  the  orbit  through  the  supra-orbital 
notch  or  foramen  at  the  junction  of  the  inner  and  middle  thirds  of  the  supra- 
orbital  margin.  The  notch  is  usually  palpable.  The  first  part  of  the  vessel 
passes  upward  on  the  forehead  in  a  sagittal  direction. 

Opcration.— The  incision  is  made  transversely  along  the  supra-orbital  mar- 
gin, following  the  line  of  the  shaved  eyebrow.  The  skin,  cellular  tissue,  and 
the  orbicularis  oculi  muscle  are  divided  and  the  vessel  exposed  and  ligated. 


SUBCLAVIAN  ABTERT 

Anatoiny. — The  left  subclavian  arises  from  the  arch  of  the  aorta  be- 
hind  the  origin  of  the  left  carotid.  It  is,  therefore,  very  deeply  placed  within 
the  thorax.  The  right  subclavian  arises  from  the  innominate  branch,  so 
that  the  left  subclavian  is  longer  than  the  right.  The  artery  passes  over 
the  apex  of  the  lung  lying  in  contact  with  the  pleura,  then  passes  behind 
the  scalenus  anticus  muscle,  and  ends  beneath  the  clavicle,  passing  on  into 
the  axilfery  artery.  It  is  divided  into  three  portions  by  the  scalenus  anticus 
muscle. 

The  thoracic  portion  of  the  left  subclavian  lies  behind  the  left  carotid  on 
the  vertebral  column,  which  is  here  covered  by  the  lower  portion  of  the  longus 
colli  muscle.  The  recurrent  nerve,  the  trachea  and  the  esophagus  lie  to  its 
inner  side  and  on  its  outer  side  are  the  pleura  and  lung.  The  thoracic  duct 
passes  along  its  inner  side  and  then  over  and  behind  the  vessel  to  enter  the 
junction  of  the  internal  jugular  and  the  subclavian  veins.  It  is  crossed  by 
the  phrenic  and  branches  of  the  s^Tnpathetic  nerve.  The  vagus  descends  ver- 
ticallv  in  front  of  the  thoracic  portion.  The  cer\4cal  portion  of  the  left  sub- 
clavian is  crossed  by  the  innominate  vein  and  the  sternohvoid,  sternothyroid 
and  sternocleidomastoid  muscles.  The  first  portion  of  the  right  subclavian 
is  less  deeply  placed.  In  front  of  the  artery  are  the  skin,  superficial  fascia, 
p]atysma  clavicle  and  the  ]ower  insertions  of  the  sternocleidomastoid,  sterno- 
hvoid and  stemothvroid,  and  beneath  these  muscles  the  junction  of  the  internal 
jugular  and  the  subclavian  veins.  The  arterv  is  also  crossed  by  the  vertebral 
and  the  anterior  and  externa]  jugular  veins  which  empty  into  the  subclavian. 
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The  phrenic,  brauclies  of  tlie  ajTnpathetic,  and  the  vagus  pasa  over  the  veasel, 
and  the  recurrent  nerve  passea  behind  it,  The  vessel  passes  over  the  pleura, 
which  aeparates  it  from  the  doine  of  the  hmg.  It  lies  on  tlie  tranaverse  process 
of  the  seventh  cervical  vertebra  and  is  aeparated  frorn  it  by  the  inferior 
gauglion  of  the  sj-mpathetic  and  the  mnscular  alip  pasaing  from  the  trans- 
verae  procesa  to  the  donie  of  the  pleura  (28).  The  artery  then  passes 
between  the  scalenua  anticiis  and  mediua,  lying  in  a  groove  on  the  firat  rib. 


muiTlp;  I.  Iniviiu«;  ri, 


m.hyc.i<l;  the  relrurlor  haa  .Ir.!«/!,  Ihr  pxt. 
[1;  a.  rctniPlor  iiulling  dovnvfurd  tho  rlii< 
*:  b,  retracUir  pulling  di>wii  the  cephulic 


M,  Sicmocleido 

inl  iiisiilHr  1»  nnn  ndo;  v,  the 
iilar  porticm  of  the  pectoralis 
:iD,  making  the  thyrocervical 


It  ia  aeparated  in  thia  part  of  ita  courae  from  tlie  snbclavian  vein  by 
the  scaleima  antična  muscle,  and  haa  tlie  cords  of  tho  brachial  plesna 
above  it. 

The  tbird  portion  of  the  snbclavian  is  covered  by  the  skin,  superficial 
faseia,  platvsma,  descending  branchcs  of  the  cervical  plexiis,  and  beneath  tbis 
bv  a  !ayer  of  fattv  tisane  in  »'hich  are  inibeddcd  Ivinph  Kl''"ds,  Tlie  inferior 
belly  of  the  omohvoid  Hes  above  and  in  front  of  the  arterv,  and  the  estemal 
jugiilar  vein,  aa  it  arches  aronnd  the  onter  margin  of  the  sternocicidomastoid, 
crossea  over  it,  This  portion  of  the  arterv  Hea  on  the  first  intercostal  spaca 
The  snbclavian  vein  and  the  snpraacapnJar  arterv  paas  between  it  and  the 
clavicle,  and  the  scaleniis  niedins  is  bcbind  it.  The  linear  giiide  of  the  cervical 
coursc  of  tliD  arterv  is  represented  by  a  onrvcd  line  from  the  sternoclavicular 
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joint  to  the  mid  point  of  the  clavicle,  and  the  convexity  of  the  curve  extend8 
upward  about  2.5  cm.  (1  in.)  above  the  clavicle.  This  is  the  course  of  the 
vessel  with  the  shoulder  depressed. 

The  artery  gives  off  a  number  of  branches  which  U8ually  spring  close  to- 
gether  f rom  the  first  part  of  the  artery :  namely  the  vertebral,  the  thvrocervical 
trunk,  the  interna)  mammary,  and  the  costocervical  trunk.  The  vertebral  is  the 
first  branch  given  off.  The  thyrocervical  trunk  arises  usually  close  to  the 
scalenus  anticus  (Figs.  9,  10). 

The  vessel  can  be  ligated  mesially  to  the  scalenus  anticus,  that  is  in  its 
first  portion,  either  (1)  on  the  peripheral  side  of  the  thyrocervical  trunk,  or 
(2)  on  the  cardiac  side  of  the  vertebral.  (3)  The  left  subclavian  may  be 
ligated  close  to  its  origin  within  the  mediastinum. 

Operation (l)   LIGATURE  OF  THE  FIRST  PORTION  OF  THE  SUBCLAVIAN 

(RIGHT  OR  LEFT)  ON  THE  PERIPHERAL  SIDE  OF  THE  THTROCERVICAL  TRUNK. 

— The  patient  is  placed  in  the  dorsal  position  with  the  head  slightly  extended 
and  turned  to  the  opposite  side.  The  incision,  about  8  cm.  (^Vs  in.)  long,  is 
made  along  the  lateral  border  of  the  sternocleidomastoid.  This  is  met  by  an 
incision  over  the  clavicle  for  about  the  same  distance,  the  two  incisions  forming 
an  acute  angle.  The  skin,  superficial  fascia,  platysma  and  clavicular  attachment 
of  the  sternocleidomastoid  are  divided.  The  flap  thus  formed  is  retracted  in- 
ward.  The  inferior  belly  of  the  omohyoid  is  expo8ed,  the  fascia  covering  it 
divided,  and  the  muscle  retracted  upward  or  divided.  The  scalenus  anticus 
muscle  is  identified,  and  its  inner  border  followed  downward  until  the  pulsation 
of  the  subclavian  is  felt.  The  intemal  jugular  vein  is  retracted  inward,  and 
the  subclavian  vein  downward.  This  exposes  the  first  portion  of  the  sub- 
clavian. The  phrenic  and  the  cardiac  branches  of  the  sympathetic  and  the 
vagus  are  identified,  and  an  aneurysm  needle  passed  about  the  vessel,  threaded, 
and  withdrawn,  čare  being  taken  to  avoid  incliiding  the  nerves  in  the  ligature. 
The  ligature  passes  between  the  phrenic  and  svmpathetic.  The  vessel  is  then 
tied  with  the  stay  knot,  the  divided  muscles  are  sutured,  and  the  wound 
closed. 

(2)  LIGATURE  OF  THE  SUBCLAVIAN  ON  THE  CARDIAC  SIDE  OF  THE  VER- 
TEBRAL.— This  is  a  much  more.  difficult  operation.  The  incision,  about  10 
cm.  (4  in.)  long,  is  made  over  the  clavicle.  It  is  slightly  curved,  the  con- 
vexity  of  the  curve  being  upward,  and  it  passes  over  the  sternoclavicular  joint 
and  extends  about  1  cm.  (2/5  in.)  within  the  sternal  border.  The  clavicular 
portion  of  the  sternocleidomastoid  is  severed,  and  the  clavicle  divided  about 
G  cm.  (2  2/5  in.)  from  its  sternal  end,  and  this  inner  portion  subpcriostcally 
resected.  The  costoelavicular  liganient  is  divided,  and  the  posterior  fibers 
of  the  sternoclavicular  ligament,  thus  exposing  the  joint.  Tlie  sternal  portion 
of  the  resected  clavicle  is  turned  over  to  the  inner  side.  An  incision  is  then 
made  in  the  cervical  fascia  at  its  junction  \vitli  tlie  superior  border  of  the 
retroclavicular  periosteuni,  and  the  lower  border  of  the  wo\ind  retracted.  This 
expose«i  tfie  internal  jiitnilar  and  the  sul)elavian  v(Mns.     The  internal  jugular 
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is  freed  along  its  mesial  border  and  retracted  outward.  The  vagus  nerve  is 
identified  by  blunt  dissection.  It  passes  downward  vertically,  close  to  the 
mesial  margin  of  the  intemal  jugular  vein.  To  the  inner  side  of  the  vagus 
nerve  is  the  carotid  artery.  To  its  outer  side  and  beneath  it  is  the  subclavian 
arterjr.  The  artery  is  exposed  and  the  ligature  passed  about  it.  On  the  right 
side  the  ligature  passes  ahnost  in  contact  with  the  loop  of  the  recurrent  nerve. 
The  clavicle  is  tumed  back  and  sutured.  The  muscles  are  sutured  and  the 
wound  closed. 

(3)     LIGATURE  OP  THE  LEFT  SUBCLAVIAN  WITHIN  THE  MEDIASTINUM. 

— Position  as  in  No.  1. — The  incision,  about  10  cm.  (4  in.)  long,  is  made 
over  the  clavicle  and  over  the  upper  border  of  the  stemum  to  the  mid  line  and 
then  descends  vertically  to  the  level  of  the  second  costal  cartilage.  The  pec- 
toralis  major  is  dissected  away  from  the  clavicle  and  stemum.  The  inner  half 
of  the  clavicle  is  resected  subperiosteally.  It  is  disarticulated  from  the  sternum 
and  first  rib.  The  finger  is  then  gently  introduced  behind  the  sternum  in  the 
mid  line,  and  the  dome  of  the  pleura  and  the  elastic  mass  formed  by  the 
summit  of  the  lung  gently  pushed  outward.  The  sternum  is  then  divided  ver- 
tically  in  the  mid  line  and  horizontally  at  the  level  of  the  first  costal  cartilage, 
its  posterior  surface  is  carefully  freed,  and  the  first  costal  cartilage  is  divided 
at  its  junction  with  the  rib.  The  left  half  of  the  manubrium  and  the  first 
costal  cartilage  are  then  removed  in  one  piece.  The  innominate  vein  is  thus 
exposed.  It  occupies  the  entire  operative  field.  Its  direction  is  nearly  hori- 
zontal. Two  or  three  small  veins  enter  its  inferior  border.  They  are  divided 
between  ligatures  and  the  vein  gently  retracted  upward.  By  blunt  dissection 
in  a  vertical  direction  the  vagus  is  exposed.  It  descends  almost  verticallv 
in  front  of  the  artery  crossing  it  with  a  very  slight  obliquity.  The  finger 
introduced  into  the  wound  palpates  the  trachea.  In  the  angle  between  the 
trachea  and  esophagus  is  the  subclavian,  very  deeply  placed.  Below  is  the 
aortic  arch  and  anteriorly  is  the  left  common  carotid.  The  ligature  is  placed 
about  5  cm.  (2  in.)  from  the  aortic  arch.  The  pectoralis  is  sutured  to  the 
sternocleidomastoid  and  the  wound  closed. 

Instead  of  removing  the  bone  a'  temporary  cleidostemocostal  resection  mav 
be  made.  The  sternum  is  divided  horizontally  and  vertically  and  the  clavicle 
is  divided.  The  sternum  is  turned  downward  and  outward.  The  flap  hiuges 
on  the  junction  of  the  cartilage  and  rib  (Duval,  11). 

Eesnlts. — Writing  in  1897,  B.  F.  Curtis  (0)  in  reporting  a  čase  in  which 
the  first  portion  of  the  subclavian  had  been  siiccessfully  tied  in  continuitv, 
referred  to  the  statistics  of  Souchon  which  gave  16  cases  with  IG  deaths. 
The  results  of  cases  since  then  are  very  different,  Saveriaud  (23)  in  1900, 
Monod  and  Van  Verts  (18)  in  1909,  and  Rubritius  (21)  in  1911  have 
arranged  tables  from  the  cases  reported  since  Dr.  Curtis.  Adding  a  čase 
reported  by  Schwartz  (24)  in  1911,  there  have  been  21  cases  reported  with 
3  deaths:  that  is,  tlie  mortality  in  the  reported  cases  since  1897  is  14.3  per 
cent. 


SUBCLAVIAN    ARTERY 


X-ZC3ATIOK  Or  THE  THIBD  OB  8E00NI>  FORTION  OF  THE  SITBOI.AVIAN'  ABTEBT 

The  patient  ia  placed  in  tlie  dorsal  poaitioii  with  the  faoe  tiinied  alightlj 
to     the  opposite  side  and  llie  shuulder  depreased;  a  narrow  saud  bag  ia  placed 


xi.xKier  tbe  spine,  not  under  tlie  ahoiilder. 


DTTtRNAL  JUCULAR  VEIN 


TMYHOCD«VICAL  TRUNK 
FlO.   10. — ScFEBiciR  ClaVICULah  REoroN.      (Poiripr-Charpy.) 


Operation. — The  incision  is  made  parallel  to  the  clavicle  and  about  1  cm. 

^■^/5  in.)  above  it.     It  shoiild  be  about  8  cm.  (3  1/8  in.)  long,  and  tho  middle 

the  inciaion  ebonld  be  over  the  middle  of  the  clavicle.     The  akin,  auper- 

*'^'al  fascia,  and  platysma  are  divided  and  uaiiallj  a  few  of  tho  sensorj  flla- 

^^Hts  of  the  cervieal  plesna. 

The  extemal  jiignlar  vein,  aa  it  paBses  aronnd  the  laterai  border  of  the 

^•TiocleidomaBtoid,  ia  divided  between  ligatiirea  and  the  aternocleidomastoid 

^^acted  iDward  or  aevered  close  to  ita  elavienlar  attachmcnt.     The  cellular 

**^  fattv  tissue  are  divided  by  blnnt  dissection  and  the  inferior  belly  of  the 

'^olijoid  expoBed.     Thia  muscie  or  the  faacia  at  ita  lower  border  is  divided 

retracted  upvvard.     Tbe  acalenua  anticus  muscie  ia  identified.     The  sub- 


I 
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clavian  artery  passes  outward  from  beneath  this  muscle;  the  cords  of  th 
brachial  plexu8  lie  above  and  behind  it.     The  transverse  artery  of  the  scapul 
crosses  the  subclavian  and  is  divided  or  retracted.     The  subclavian  vein  i 
retracted  downward  and  the  ligature  is  passed  about  the  artery  and  tied.     I 
ligating  the  second  portion  the  phrenic  nerve  is  identified  as  it  crosses  tlfc_ 
scalenus  anticus  obliquely.     It  is  freed  by  blunt  dissection  and  retracted  i 
ward.     The  scalenus  anticus  is  then  divided  and  the  second  portion  of  t 
artery  exposed.     On  the  right  side  the  costocervical  trunk  is  usually  giv 
off  from  the  back  part  of  the  vessel.    If  the  aneurysni  needle  is  passed  gent 
and  kept  in  contact  with  the  arterial  wall,  this  branch  is  not  injured.     T 
muscles  are  replaced  and  sutured  and  the  skin  incision  closed. 

Eesnlts. — The  results  of  the  ligature  of  the  third  portion  of  the  subclavi 
are  very  good.  In  the  recent  cases  in  which  the  artery  was  ligated  for  an< 
rysm  Monod  and  Van  Verts  (1909)  (18,  23)  give  10  cases  of  the  ligature 
the  third  portion  with  no  deaths.  These  statistics  are  taken  from  cases 
ported  since  1884.  I  can  add  a  personal  čase  operated  on  in  1912,  in  wh 
the  third  portion  of  the  subclavian  and  the  common  carotid  were  liga 
successfully  for  innominate  aneurysm. 


\ 


VERTEBRAL  ARTERT 

Anatomy. — The  vertebral  artery  arises  from  the  first  part  of  the  *.' 
clavian  and  passes  upward  and  slightly  outward  to  enter  the  foramen  in 
transverse  process  of  the  sixth  cervical  vertebra. 

The  vessel,  between  its  origin  and  its  entrance  into  the  foramen  in  ^t^le 
transverse  process,  occupies  the  deepest  portion  of  the  supraclavicular  regi-^^-*°- 
In  front  of  it  are  the  vertebral  vein,  passing  over  the  vessel  to  enter  the  ^"■-^*"' 
clavian  vein,  the  anterior  portion  of  the  subclavian  loop  of  the  8ympath^^'^'^ 
nerve  (ansa  Vieussenii),  and  the  inferior  thyroid  artery  which,  as  it  pa^^*^ 
upward  perpendicularly,  crosses  it.  On  the  left  side  the  thoracic  duct  eroJJ^^*^ 
the  subclavian  below  the  vertebral  artery. 

The  vessel  lies  for  a  short  distance  at  its  origin  in  contact  with  the  pte*!^^** 
covering  the  dome  of  the  lung  (cupulopleura)  (28).  On  approaching  til^e 
foramen  in  the  transverse  process  of  the  sixth  cervical  vertebra,  it  pai 
between  the  longus  colli  and  the  scalenus  anticus  muscle.  The  artery  _ 
upward  through  the  foramina  in  the  transverse  processes  of  the  8ixth,  ^ftM^f 
fourth,  third,  and  second  cervical  vertebrse.  On  reaching  the  axi8  it  ipass^ 
very  oblique]y  upward  and  outward  to  reach  the  foramen  in  the  transver^^ 
process  of  the  atlas;  it  then  passes  around  the  groove  in  the  lateral  prooe^^ 
of  the  atlas  and  pcrforates  the  poster  i  or  atlo-occipital  ligament. 

The  vessel  is  usnally  ligated  in  the  portion  between  its  origin  and  it^ 
entrance  into  the  foramen  in  the  transverse  process  of  the  sixth  cervical 
vertebra. 
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Operation. — The  patient  is  placed  in  the  dorsal  position  with  the  face 
turned  to  the  opposite  side  and  the  shoulder  8lightly  elevated.  An  incision  is 
made,  8  cm.  (3  1/8  in.)  long,  parallel  to  the  clavicle  and  jiist  above  it,  starting 
external  to  the  posterior  border  of  the  sternocleidomastoid  muscle.  The  skin 
and  platysma  are  divided,  and  the  posterior  border  of  the  sternocleidomastoid 
and  the  external  jugular  vein  identified  and  retracted  inward.  If  this  does 
not  give  enough  room,  the  muscle  is  divided  j  ust  above  the  clavicle.  The 
deep  cellular  tissue  is  separated  by  blunt  dissection,  and  the  carotid  tubercle 
and  the  interval  between  the  scalenus  anticus  and  the  longus  colli  identified. 

In  this  interval  the  vertebral  artery,  usually  covered  by  the  accompanying 
vein,  is  exposed.  After  separating  the  vein  by  blunt  dissection,  a  ligature  is 
passed  about  the  vessel.  In  passing  the  ligature  čare  must  be  taken  not  to 
injure  the  pleura.  In  ligating  the  vessel  some  of  the  filaments  of  the  sym- 
pathetic  are  likely  to  be  included  in  the  ligature;  this  produces  contraction 
of  the  corresponding  pupil. 

Eesnlts. — The  vessel  has  been  ligated  a  number  of  times  by  Alexander 
and  Baracz  for  the  cure  of  epilep8y,  in  many  instances  on  both  sides,  without 
any  untoward  cerebral  complications.  Mikulicz  (17)  succes8fully  ligated  the 
vessel  for  aneurysm. 

For  ligation  of  the  itiferior  thyroid  see  page  309,  Vol.  III. 


INTERNAL  MAMMARY  ABTERT 

Anatoiny. — The  internal  mammary  artery  arises  from  the  anterior  sur- 
face  of  the  subclavian  about  3  to  4  mm.  external  to  the  vertebra.  It  passes 
downward,  forward  and  a  little  inward  in  contact  with  the  pleura  of  the 
dome  of  the  lung  and  behind  the  subclavian  vein.  At  this  level  it  is  crossed 
by  the  phrenic  nerve.  It  then  passes  downward  in  contact  with  the  posterior 
surface  of  the  first  costal  cartilage  and,  becoming  nearly  vertical,  crosses  the 
posterior  surfaces  of  the  upper  costal  cartilages.  At  the  level  of  the  sixth 
interspace  it  divides  into  its  terminal  branches;  as  far  as  the  third  rib  it  is 
in  relation  posteriorly  with  the  parietal  pleura ;  from  the  third  costal  cartilage 
downward  the  transverse  muscle  of  the  thorax  (triangularis  sterni)  intervenes 
between  the  pleura  and"  the  artery.  It  is  accompanied  by  two  veins  and  a 
chain  of  lymphatic  glands.  At  the  first  interspace  the  arterv  is  about  10  mm. 
(2/5  in.)  from  the  border  of  the  sternum;  at  the  level  of  the  sixth  it  is  about 
20  mm.  (4/5  in.)  from  this  border.  The  interval  between  the  arterv  and  the 
border  of  the  sternum  gradually  increases  from  above  do\\Tiward  (Fig.  11). 

Operation. — The  patient  is  placed  in  the  dorsal  position.  A  vertical  in- 
cision is  made  over  the  third  intercostal  space  exteiiding  from  the  third  rib  to 
the  lower  border  of  the  fourth  rib  and  about  10  nun.  (-f,  in.)  from  the  mar- 
gin  of  the  sternum.  The  skin,  siibcutanc<nis  tissue  and  fibers  of  the  pectoralis 
major  are  divided,  and  the  intercostal  spacc  witli  its  musclcs  cxposed.     The 
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aponeurosis  of  the  cztcrnal  intercoatal  muscie  and  finallj  the  intemal  inter- 
costal  muacle  (about  5  to  8  mm.  thick  at  this  point)  are  divided.  The  artery 
with  its  two  veins  is  separated  by  blunt  diasection  from  the  fatty  and  eellular 
bed  in  which  it  Ues.    After  gent1y  separating  the  veins,  a  iigature  is  passed 


INTERNAL 
MAMMAItYART£RY 


Fto.  11. — LiHa  or  Lift  Plehra,  Ldno  amd  Intkbhal  Maiourt  Aoruir.      (Pridi  de  Tecbiugut 


about  the  artery.  Great  eare  is  neceaaary  in  paBsing  the  aneury8m  needle  to 
prevent  injury  of  the  pleura.  The  transvcrse  muacle  of  the  atemuin,  which 
iutervcnes  betwecii  the  pleura  and  the  artery,  is  often  poorly  developed,  or 
even  partially  abacnt. 

ATTTT.T.APV   AETEJtY 

Anatoiiiy. — The  axillary  artery  extends  from  the  outer  border  of  the 
first  rib  to  the  lower  niargin  of  the  teres  major.  It  is  divided  into  three  por- 
tions  by  the  pectoralia  miner.  The  first  portion  extend8  from  the  clavicJe  to 
the  upper  border  of  the  pectoralia  minor  (Fig.  12).  In  front  of  the  vesaei 
are  the  skin,  superfieial  fascia,  pectoralis  major,  and  beneath  this  muscie  a 
laver  of  celhilar  tissue  and  fat  in  which  pasa  the  thoraco-acromial  arterv  and 
vein,  the  nerve  to  the  pectoralis  major,  the  terminal  part  of  tbe  cephalic  vein, 
the  subciavian  muscie  and  tbe  strong  faaeia  which  extenda  from  the  iipper 
border  to  the  pectoralis  minor — tlie  npper  portion  of  the  elaviculocoraco- 
axillarv  aponeurosis.  The  veaacl  lics  on  the  first  two  digitationa  of  the  serratus 
auterior,  and  bchind  lie  the  fat  and  eellular  tissue  which  fill  the  acapnlothoracic 
jimction.  The  sccond  portion  is  eovered  by  tlie  pectoralis  minor,  and  haa  to 
its  outer  sido  the  coracoid  insertioit  pf  the  oorAcobrachialie  and  biceps.    B^nd 


ASILLARV   AKTKRV 


«1 


it  lies  the  subscapnlar  muacle.  coveriii(r  U»  Ik««!  of  |W  llHMWnn>.  Tlw  Miml 
portion  of  the  arterv  is  sli^tlv  orcrlaj^trd  hv  tW  «>nirt*l»r*p1t(rt)\^  yx\\\\A\ 
separaten  it  from  the  pectomUs  major.  *.\>\ipnxl  l\v  tl«>  »klH  M\\\  HjtiMimn^^^fs 
on  its  inner  side.  it  pasaes  dowiiwBnl  i«  UiP  grni>\T  iii  tli«*  rt>n»»iil»i'm>lii«l«!« 
hing  OD  the  latissimiia  dorsi.  In  the  fimt  p^trluni  tht>  vx^\\\  lio«  to  lili'  fnncf 
side  of  the  arterv,  When  the  \-eiii  li  iliatondnl,  it  iM-pflHU«  IIip  Hrtiifv. 
This  portion  of  the  veeael  is  onislied  hy  tht>  (*p))hHlio  hi«)  i(i>iH)tiiii(l  vpIm« 
and  by  the  oiiter  one  of  the  bra- 
chial    veins.      The   terminal    portions  CUVjCtl 

of  tlie  hraehial  pleKns  are  placed  be- 
hind  and  to  the  oiiter  side.  The 
tien'e  to  the  pectoralis  minor  passes 
bebind  the  artery. 

In  the  second  portion  the  vein  is  in 
lesa  close  relation  to  the  artery.  One 
cord  of  the  hraehial  plexiiB  lies  hehind 
the  artery,one  to  itsouterflide.andone 
to  the  inner  side,  intervening  between 
the  arter^  and  vein.  The  hranchea  of 
the  brachial  plexus  are  disposed  about 
the  third  portion  of  the  artery.  The 
radial  (mascnloapiral)  and  tfae  circnm- 
flez  are  bebind ;  between  the  arterj  and 
the  rein  is  the  ninar;  on  the  onter  side 
ia  the  median.  Tbese  relations  are 
eiven  with  tbe  ann  in  position  fnr  li|pitnre.  that  is,  »hftnf!t*A  (fig.   )2). 

With  the  arm  ahdncted  at  ri^  *>m^  ^  th«  bndj,  a  lin"  dravn  from 
tbe  middie  of  the  clavicle  to  tbe  jmetion  of  th«  anterior  and  middlfl  fhird« 
of  the  onter  axillary  wall  at  the  ontleC  of  die  aiillar;  Kpaee  TfrprmmM«  thft 
line  of  the  vesseL 

OpgatiaB.  — The  patient  is  plaeed  in  tfae  dorsal  pnmtion  W)th  th«  arm 
abducted  at  rigfat  anf^lea  to  tfae  tnrnk  and  tfa«  extt>nded  forenrm  midway 
between  pranation  aod  aapination.  The  op«aaEar  aCanda  between  the  evt^nded 
ann  and  the  axilla. 

LIHATIO!*  OP  THE  FIBST  POBTrow. — An  incisinn  i«  made  parallel  fo  fho 
fihera  of  tfae  pectoralis  major  d<iwnwitrd  nnd  ontward  from  fhe  davi*'!«  fo  » 
tinKei'.i  breadth  below  the  cora«oid  prfwfla(fc 

are  #>parateH  and  retra^ted.   or  tfae  rilw>rs  iif  rtie  iimsclt*  ,irr>  'tividpd.      Th« 
i^lavimlo«)ra*v>-axi]lury  aponeTimsis  in  •'spiH 
seiH  identitied.  piercina  rhe  faj*i'ia  JTijtr  .ii»n-i> 

ifl  then  dirided,  rhe  jirTer}-  in  iienri'-  -fniiiTinil  rn^ni  -lii-  -i-,n.  tri' 
passed  ahont  it.  Tlie  di^r^ndeii  ""•.»  jeni-mil''  n-trliim  "ln^  ii 
Tepbalic  v^n  and  tlip  "ords  .»f  -!»■  'iru-hiiii  iif.^i.-  nii^r  V  r-arefn 
The  resMl  ia  deep  in  this  ^iinian.m   m.i  'In-    i^rarii-n    iitfiMilf. 


»  /1»  Aki 


Thetil« 

i*rs  .if'  rlie  p^-torali« 

,>f  rtie   ! 

iii.«-|p  ,trr>  dividpd. 

^i.    :Ul-i 

rtu-  rli(iMcn-acrnmi 

-\w  ri«- 

riir^lix  !riajiir.     TIip 
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UGATION-  OF  THE  SECOXD  POBTIOK.— Tbe  iDcisioii  is  earried  iawmnai 
umI  oatward  frMn  below  tbe  cUvicIe  to  i^-,  cm.  (1  in.)  faelow  die  eoiseoid 
pTv<vi&  Tbe  El#re  nf  tbe  pen^tralis  major  «re  dirided.  ud  tbe  namnr  p«^ 
tii«)  "f  tbe  perturalis  minor  esposed.  its  lower  bonler  frved  from  it«  fueu  aod 
ibe  finjfer  eeuilv  in;aene<l  beoc^tb  tbe  rnuac-le,  aud  tbe  must^le  dirided.  Tbe 
^  aiterL'.  tbe  tvid   and   tbe 

A  mnU   of   tbe    plexiu   are 

imniediatelv    beneath    die 
miMcIe.     Tbe  mu  is  ^eo- 
_^_  -^  -.  ^y    retrarted    dcnmvard, 

<[J    , — "^^^^^^^^^^S^N.     ■"**    •    ligature    pused 

"^---  -"^  ^^t^  n-^-V  j(,^^t   tl^   arteiT.      The 

severed  pea^toralia  minor 
and  tbe  separatni  fibers  of 
tbe  pedoralis  niaj<n-  aie 
sntnivd.  and  Ae  vnoiid 
«ioeed- 

IJGATIOX  OP  THB 
THIBD  POKTION'. — The  in- 
ci^ion  is  made  tnvr  tbe 
inner  border  of  tbe  ooraet^rarbialis.  over  tbe  line  of  palsation  of  tiie  art^rr 
whieh  rau  upuallv  be  e^lv  felt.  It  sbould  be  aboiit  S  t<>  10  cm.  <  3-4  in.)  iaog. 
Tbe  center  of  tbe  incifiion  is  abore  tbe  anterior  axillarv  fold.  Tbe  akin  and 
siiper6cial  fiivia  are  divided  aud  tbe  thin  fascJa  of  ibe  upper  ann  laid  ban*. 
Tbe  eitracobrarhiali?  i«  identitied.  tbe  fascia  rarefiilK  dirided.  and  tiie  towpr 
nuir^D  of  ihe  vroiiml  rclracted.  Tbe  median  uerre  min-  appearg.  imfaedded  in 
loose  cellnlar  tissiie:  ii  is  freed  and  retraeled  apward.  Tbe  atterv  is  tbns 
ezpofed  and  a  ligature  pa^sed  aKtut  it  i  Fig.  i:S  i. 

Besalte. — Recent  rpp»rt^  of  tbe  rvsnits  of  tbe  lisature  of  tbe  azillarr  arterr 
are  favorable.  .\cci>rdinir  to  Eielbet  i'.'  i  gancreuc  afler  liintnre  of  tbe  asdllarv 
is  extreme1r  rare.  V.  Bpnnnanii  ha?  ^icen  on)y  good  r-e^ults  after  ligatnre  for 
wouDds  of  tbe  anerr.  Eocb  i  V  i  bas  «iilecled  45  caivs  of  ligature  vitbout  anv 
trouble  wiib  tbe  cireulatioD  in  tbe  ann. 


tbr  dcink  of  tbr  vmmd. 


BRACHIAL  ASTERT 


ABatinDy. — The  Tessel  conimeuces  at  tbe  ]ower  manrin  of  ti>e  teres  ma- 
jor and.  passinc  down  the  iiiner  and  interior  aspecl  "f  ihc  arm.  terminates 
al"tiH  1  cm.  beIow  the  bend  of  the  e]bow.  vhere  it  divide*  into  the  radial 
and  iilnar  arteries,  At  lirsT  the  arierv  lie?  inlcmal  t--  ilie  hiinienis;  hm  as  it 
pas!«-;  d"«ni  the  arm  it  sradiialK  acqiiires  a  m"re  antcrJiT  p^-siiion.  and  at  ibe 
l«-i;'l  "f  tlif  elUiw  it  iies  n)idwav  l«4ween  the  tv  epitvmdvlcA.     Tbe  anerv  is 
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Buperficial  throughout  its  entire  course,  being  covered  in  front  by  the  integu- 
menty  the  superficial  and  decp  fascise;  the  bicipital  fascia  separates  it  at  the 
elbow  f rom  the  median  basilic  vein ;  the  median  nerve  crosses  it  at  its  middle. 
Behind,  it  is  separated  from  the  long  head  of  the  triceps  by  the  radial  nerve 
(musculospiral  nerve)  and  superior  profunda  artery.  It  then  lies  upon  the 
inner  head  of  the  triceps,  next  upon  the  insertion  of  the  coracobrachialis,  and 
lastlj  on  the  brachialis.  On  its  outer  side  it  is  in  relation  with  the  commence- 
ment  of  the  median  nerve,  the  coracobrachialis  and  biceps,  which  overlap 
the  artery  to  a  considerable  extent.  On  its  inner  side,  the  upper  half  is  in 
relation  with  the  medial  cutaneous  nerve  of  the  forearm  and  the  uhiar 
nerve.  The  basilic  vein  lies  on  the  inner  side  of  the  artery,  but  is  separated 
from  it  in  the  lower  part  of  the  arm  by  the  deep  fascia.  It  is  accompanied  by 
two  vense  comites,  which  lie  in  close  contact  with  the  artery,  being  connected 
at  intervals  by  short  transverse  communicating  branches. 

At  the  bend  of  the  elbow  the  brachial  artery  lies  in  a  triangiilar-shapcd 
space,  the  cubital  fossa,  the  base  of  which  corresponds  to  a  line  drawn  be-. 
tween  the  two  epicondyles  of  the  hiimerus,  the  sides  to  the  inner  edge  of  the 
brachioradialis  miiscle  and  the  outer  edge  of  the  pronator  teres,  the  floor  being 
formed  by  the  brachialis  and  supinator.  The  conteuts  of  this  space  are:  the 
brachial  artery  and  its  two  veins;  the  radial  and  ulnar  arteries;  the  median 
and  radial  nerves  (musculospiral  nerves) ;  and  the  tendon  of  the  biceps.  The 
brachial  artery  lies  along  the  middle  line  of  this  space  and  divides  opposite 
the  neck  of  the  radius  into  the  radial  and  ulnar  arteries.  The  artery  is  cov- 
ered in  front  by  skin,  superficial  and  bicipital  fascia,  and  is  crossed  by  the 
median  basilic  vein.  Behind,  it  lies  upon  the  brachialis,  which  separates  it 
from  the  elbow  joint.  The  median  nerve  lies  on  the  inner  side  of  the  artery, 
close  to  it  above,  but  separated  from  it  below  by  the  slip  of  the  pronator  teres, 
which  arises  from  the  coronoid  process  of  the  ulna.  The  tendon  of  the  biceps 
lies  to  the  outer  side  of  the  space,  and  the  radial  nerve  (musculospiral  nerve) 
stili  more  extemally,  situated  upon  the  supinator  and  partly  concealed  by  the 
brachioradialis. 

If  the  thumb  be  pressed  into  the  deepest  part  of  the  axilla,  just  behind 
the  tendon  of  the  pectoralis  major,  the  pulsation  of  the  axillary  artery  can 
be  felt.  Between  this  point  and  the  middle  of  the  crease  of  the  elbow  a 
straight  line  is  drawn.  This  line  should  correspond  to  the  inner  border  of  the 
coracobrachialis  and  biceps,  which  can  always  be  felt  and  U8ually  seen.  The 
pulsations  of  the  brachial  artery  can  often  be  felt  along  this  line  (Fig.  17). 

The  brachial  artcry  can  be  ligated  at  anv  point  in  its  course.  For  con- 
venience  of  description,  ligature  of  its  upper  and  middle  third  and  in  the 
cubital  fossa  will  be  describcd. 

Opcration. — UPPER  third.— The  patient  should  be  in  the  dorsal  position, 
with  the  arm  at  a  right  aiigle  to  the  bodv  and  tlie  luiiid  held  l)v  an  assistant 
in  a  position  half  way  bctvveen  pronation  and  snpination.  An  incision  of  8 
cm.  in  length  is  made,  beginning  at  tlie  lower  border  of  the  pectoralis  major 
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and  along  the  linear  giiide  to  the  veseel.     This  incision  is  carried  down  to  tli& 
deep  fascia,  which  is  divided  with  great  čare  to  prevent  possible  iiijury  t<3 


A 


the  intemal  cutaneoiiB  nerve  or  basiUc 


FlO.  14. BllPOBDHE  OP  THB  AXII.I.ARr  AND  BhaCHIAI, 

Artrbieb,  MpG,  CoraoobrBchiaJismuaole;  F,  iti- 
ner  tride  of  faBria  of  upper  ami:  M,  tnediun  nprve: 
Ci.  modial  nerve  ol  upper  anii  (lOBser  mtprnal 
outaBeoila) ;  Ca,  medial  nerve  ol  lorcatm  (iniKrnal 
cutaneous):  Ai,  aiillarv  artcry:  B.  biceps;  F, 
faseia  brachii:  M.  tnedian  nerve;  A.  brachial  ai- 
tery;  V.b,  bracbisl  vein.     (Zuckerkaocll.) 


vein,  which  eometimes  runa  on  tt«.^ 
surfaee  of  the  artery  as  high  ^=».^ 
the  Bxiila.  After  division  of  ttrzM.^ 
fascia,  carc  should  be  takon  not  -^tz.-^ 
injiire  the  iiluar  or  medial  c-^t_z^- 
taneoiis  nerve  of  the  firn  mi  ^  _j^ 
whit;h  lie  to  the  inner  side  of  ti  ^n 
artery,  or  the  median  nerve,  whi»^___^h 
liea  ii8nnlly  to  the  onter  side,  ^c__,r 
the  ventc  eoraites,  which  are  ac-  -.^ 
either  side  of  the  vessel.  After  f^n^ie 
artery  haa  been  isolated  frr-»^  m 
these  stnicturee,  the  needle  ahoi^i^  ]d 
be  passed  around  the  artery  frcrz^^M-m 
the  inner  to  the  outer  side  (F  r^S^g. 
U). 

MIDDLB  THIHD. — An  incis^  -^n 
of  S  cm.  in  length  is  made  oppo^  ^£.  te 
the  most  prominent  part  of  the  ^C3i- 
ceps  and  along  the  linear  guid^  to 

the  vesae].  The  fascial  lata  ifl  ^c3i- 
vided  with  čare  to  prevent  inji.:«-  ~^y 
to  the  median  nerve^  which  !■  i-  «s 
in  front  of  the  artery  in  ti^t*-'* 
situation,    as    it   passes    from  *** 

outer  to  its  inner  aide.  AC"*^*"" 
rotraction  of  the  nerve  and  i  ^*0" 
lation  of  the  arterv  from  '*  '^ 
■enie  comites  the  needle  is  pa;*^*" 


around  the  arterv  from  within   oiitward    (Fig.    14). 

m  THE  CUBiTAL  FOSSA, — The   forearm   is  hcld   in  a  poaition  of  for^s^ 
aupiuation  in  order  to  deline  the  tendon  of  the  biceps.     An  incision  of  8  cM^- 
in  length  ia  mado  along  the  inner  border  of  the  tendon  of  the  biceps,  ca*^ 
being  taken  not  to  divido  unnecessarily  the  median  basilic  vein,  which  c«-" 
be  retracted.     The  bicipital  fascia  is  then  exposed  aud  divided.     The  arterv  •* 
seen  Iving  between  two  vena;  comites,  with  the  median  nerve  to  its  inner  id^ 
and  the  tendon  of  the  biceps  to  its  onter  aide.   After  the  artery  has  been  isolated 
from  its  veins,  the  needle  should  be  passed  from  within  outward  (Figa.  15,  IG), 


RADIAL    AETERY 


RADIAL  ARTERY 

The  radial  artery  can  be  ligated  at  anv  poiiit  betvveen  its  origin  at  the 
bifiircation  of  the  brathial,  just  be]nw  the  bend  of  the  ell>ow,  aiid  the  poiiit 
wljere  it  passes  forward  betweeii  the  two  heads  of  the  first  dorsal  iiiterosseous 
musclo  to  become,  by  anastomoBis  with  the  deep  branch  of  the  uluar,  the  deep 
volar  arch, 

Anatoiny. — The  linear  projection  of  the  radial  artery  on  the  surface  ia 
topreeentcd  bj  a  line  drawn  iuidway  between  the  apicea  of  the  bonj"  epicoudyle8 


■   Ifi. — LiGATCHE  OF  THE  Left  Bhachul  AT  THE  Bend  or  TKI  Ei.Bow.     2.  Eitemat  lip;  3,  intemAl 
*E>   oi  the  (oBciiU  cipanaioa  of  the  biceps  retraotnl;  4,  urigin  of  the  baailia  rein:  6.  median  oerve. 

"J   the  hiijiienia  and  the  inner  aspect  of  the  extremitv  of  the  stvloid  procesa  of 
*«  radiiis  (FigB.  IB  and  17). 

It  estfnds  from  the  bend  of  the  elbow,  where  it  lies  opposite  the  neck  of 
~^  radiiiH.  to  the  anterior  aapect  of  the  extremity  of  the  stvloid  procesa.     It 


^«»  to  the 

It 

1., 


Ide  of  the  ahaft  of  the  bone  above  and  in  front  of  it  below. 
U  overtapped  in  the  npper  part  of  ita  fionrse  by  the  fleahy  part  of  the 
'*^chioradiali8  rauacle.  Thronghout  the  rest  of  ita  coiirae  it  ia  siiperficial, 
"^inff  covered  on!y  by  akin  and  by  snperficial  and  deep  faacise.  In  its  course 
'•ownward  it  liee  npon  the  tcndon  of  the  biceps,  the  supinator,  the  pronator 
**reB,  the  radial  origin  of  the  flexor  long^iis  pollicia,  the  pronator  quadratuB  and 
^he  lower  extreinity  of  the  radins.  In  the  upper  third  of  ita  conrse  it  lies 
i>ptwe<m  the  braehioradialia  and  the  pronator  teres.  In  its  lower  two-thirds, 
uptvpen  the  tondona  of  the  brachioradialia  and  flesor  carpi  radialia.  The 
radial  nerve  lies  close  to  fhe  oiiter  aide  of  the  artery  in  the  nuddle  third 
of  its  conrse,  and  some  filanicnta  of  the  ninsenloentaneona  nerve,  after  piercing 
the  deep  fascia,  acconipany  the  !ower  part  of  the  artery  aa  it  winds  aronnd  the 
wri8t.     The  vessel  is  accompanied  by  venie  comites  thronghout  ita  who]e  courae. 
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\ 


At  tbe  wri8t,  as  it  wiiids  roiind  the  outer  side  of  the  carpus  from  tt»e 
stjioid  procesB  to  the  first  interosseoiis  space,  it  lies  upon  the  extcmal  Iater-a\ 
ligament  aiid  tlien  upon  the  scaphoid  bone  and  trapeziiim,  being  covered  ha^ 
;-_  ^  ^  the   extensor   tendons   of   the   thumb,    subc^^sa- 

taneous  veing,  eome  filaments  of  the  radi^šaV 
uerve  and  the  skin.  It  is  accompanied  by  *' —  r~"" 
veins  and  a  filament  of  the  muBCii1ocutaneo~  ^Kiua 
nerve. 

At  thia  situation  the  surface  outline  of  C^i^the 
epace  in  whicli  the  veasel  liea  is  a  triang^Bgle, 
bounded  internallj  bj  the  tendon  of  the  ^»  ex- 
tensor  longus  pollicis,  eitemallj  by  that  of  tM^  tbe 
estensor  brcvia  poHicis  and  the  base  <wr  »ti^- 
sponding  to  the  apex  of  tbe  8tyloid  procesa  j.  <  of 
the  radius.  If  the  thumb  be  forcibly  extend- ^^Bed, 
the  oiitlinea  of  the  epace  will  be  ^<^"^well 
marked. 

In  the  liand  it  passes  from  tbe  upper  ^^^ead 
of  the   firet   interosaeoiis   epace,   betweeD  tbe 

heada  of  tbe  first  doraal  interosseoas  mue<~^acle, 
transversel/  across  the  palm  to  the  base  of  the 

metacarpal  bone  of  tbe  little  finger,  wher^^K  it 
anastomoses  with  tbe  conunnnicating  bra neb 


Fia.  16. — ExPOHDRE  OFTHE  Bhachial 
AhTEBT  in  the  CCBITAL  FOSBA  AND 
OFTBE  RaDIAL  AND  UlNAR  ArTER- 

IBB.  L.  Ohliqup  ioriBion  ot  the  bi- 
cipttat  faania;  A.  brachiaL  art«ry 
with  the  vente  romilea;  M,  mediaa 


artery;  An,  ulnar  art«ry;  U, 
ler  edge  of  the  fleior  oarpi 
.      (Zuckerkandl.) 


of  the  ulnar,  forming  the  deep  volar  arch. 
lies  upon  tbe  carpal  extremities  of  the  m 
carpal  bones  and  the  interosseous  muBclee, 
ing  covered  by  the  adductor  pollicis,  the  fl( 
tendons  of  the  fiiigers,  the  liimbricales, 
ponene     and     flexor    brevis     minimi     di^S? 

Alongside  of  it  ie  tbe  deep  branch  of  the  u -1» 

nerve  (Fig.  18). 

Operation. — UPPBB  Thibd, — With  tbe  rr^"' 
arm  supinated,  an  inciaion  8  cm.  in  lengtr^li 

made  along  the  Huear  guide  to  the  vessel,  beginning  opposite  the  inferior  a "g' 

of  the  cubital  fossa.  Upon  division  of  the  fascia,  the  brachioradialis  muecle  1'^' 
niates  into  the  wonnd.  Its  intenial  border  should  be  found  and  tbe  musci^e"? 
traeted  latcrallv,  cxposing  the  artery  accompanied  by  its  two  veins  witlB-  '^' 
nerve  to  the  nidial  aidc,  The  artery  is  then  isolated  and  tbe  needle  passed  i^rom 
withont  inward. 

The  vcsricl  has  beon  fonnd  Iving  over  the  fascia  instead  of  beneatli  it 
It  has  also  hecn  observed  on  the  snrface  of  the  brachioradialis  instead  of 
under  its  inncr  border. 

LOWER  TIITRD. — The  vcssel  la  .inpcrficial,  covered  only  by  the  skin  and 
superficial  and  deep  fascitc,  and  can  be  readily  recognized  by  its  pulsatiou. 


It 


op- 
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W1t:    *. 

(2A  in. 
tlu*  skin   . 
l)('t\v(M'ii  t:.'     ■ 
riirpi    v\u\\i:    - 
in\vaiil,  ^n\" 
niltrr  si(l(*  «'t  •    •    .  •  - 

AT  TU  K  \\ ':."-■' 
on  tlic  t:il)l(*  aii  . 
tcndons  stiind  •-  *    . 
\vliicli  t  lic  vcssol  J  . — 

An  incisioii  '.)  ••: 
l><'t\vrrn   t  lic  t\V()  i-.v-  ■  - 
tlicm,  hciiinnintr  at  T:.- 

and   coiitimuMl  (lownv.-   •. 

(lorsal  vcin  <»f  thc  tliui:.' 

liiiatcd.      TIk*  <1(M'p  i*a.-\ 

incision,    kcfpini:'   aUva^* 

tcndniis  n-tractcd,  tlic  <-f*..     .• 

t\viM'ii   t\v<»  1*nrccj)s  and  iij'--'-. 

panicd  l>v  its  tvvo  vcins,  pas-':  „ 

\var<I  and  l)a<-k\vard  dircctiun.     '.    .. 

l»v  nas-ini:  tlic  nccdlc  in  citluT  .  ••■• 
JN  TIIK   IIANO.       'I'li<»  lincar  :  •     ■ 

arcli  <»n  t  lic  snrtacc  is  a  cnrvcd  ..:  -    x 

\var«l.   <l!'a\vn    paiallcj   lo  and  a   :.;.,■ 

lincar  jirojcctinn  nf  tlic  snpcrticiai  ' 

rcscntcil   l»v  a  <'nntinnati<in  acn)j?s  t:.«-  :•, 

aloni:  tlic  palniar  iMirdcr  of  the  tliuir.-.   v  ..- 

])nsitinn  of  tnn-cil  cNtcnsion. 

An  inci.-inn   ."►  cm.    {'2   in.)   in  Umil'*:.     * 

niid  line,  cn«linir  jiist  l»clow  tlu^  lino  af  t:.«:  ,     ,... 

apnncninsis  is  diviflcd  in  tli<^  lino  of  tlic  -.    ■ 

skin  cdiic<,  cxjM»sinir  tlic  snpiM-licial  volar  ;•..• 

\V(mnd.     In  tlic  nppcr  anirh;  nt'  tho  W()nnd  nr<-  -.t- 

diiiital    lnan<-lics   nt*  tli(^   median   ncrvo  bct\v<-«; 

liandlc  «»t   tlic  knitc  is  mad(*  l)ct\vccn  tlic  tci,r:  ;  . 

V)  injurc  tlic  hranclics  (d*  tlic  median  t«)  tlic  tlin-«- 

are   uiven   niV   at    aln^nt   tliis  jioint.       iJiniit   rctr;.--^    ■ 

divi>ii»n  cnlarLicd  l»v  means  nt*  tlicm,  cx|)nbini:-  thr-   ;. 

\tv   tlic   decp   liranch   <»t    tlic   iihiar   nerve.      The    i,i.|.. 

hcln\v   np\vard,   |»articular  carc  l»ciiii:  takcii   not   to  '.: 

uliiar  >npplNinir   tlic   vnlar  intci-usM-i. 
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LIGATIOXS    OF    ARTERIES    IN    CONTINUITT 


VUHABi  AKTEBT 


Aiiatomy. — Tho  linoar  projeetion  on  tlie  aiirface  of  t 
of  the  ulnar  arterv  ia  repreaented  bv  a  line  <Irawn  froni  ■ ' 
epicondvle  of  tlie  hnnienis  to  tlic  radial  BJde  of  ihf 
To  project  the  upper  tliird  of  the  arterv  npon  tlu' 


ULNAR  ARTERV 


iipper  and  niiddl«  tliirdu  of  tliis  lino  is*  foiincctud  witli  tlie  center  of  tlie  liollow 
in  fnmt  of  tlic  cIImuv  jdint.  Tlio  projectitm  nf  tlie  »uporficial  volar  arrh  iijhhi 
tlie  snrfnee  ia  representcd  h_v  u  contiiinutioii  aci-osH  tlie  pahn  of  a  line  drawn 
aloii^  the  palinur  liorder  of  tlic  thimd),  w]ien  it  ia  held  in  a  position  of  forced 
cstcnsion. 

The  nlnar  arterv  cominenecs  a  Iittlc  heIow  tlie  hcnd  of  the  eIbo\v,  and 
cniaaca  oblii|ncly  the  inner  side  of  tlie  foreanii  to  the  coniinenceniciit  of  ita 
lo\vcr  half ;  it  thcii  nins  iilong  ita  iiliiar  border  to  the  nrist,  crosaos  the  trnna- 
verso  carpal  ligauicut  cm  tho  radial  aidc  of  the  jiiaiform  bone,  and  iininediate1y 
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A, 


^.     The  point  of  bifurcation  of  the  vessel  is  approximately 

ntersection  of  a  horizontal  line  pasain^  throiigh  the  upper 

'rests  and  the  median  line  of  the  abdonicn.     It  pives  off 

'»8  to  the  gastro-intestinal  tract,  to  tlio  kidnevs  and  to  the 

»\vermo8t  visceral  branch  is  the  inferior  niesenteric.     It 

1  below  this  branch  in  the  last  two  inches  of  its  course. 

olumn,  the  himbar  veins  and  the  recepticiihun  chvli ; 

•r  vena  cava.    In  front  are  the  peritonenm,  tlie  sym- 

(Fig.  19). 

IS  placed  in  the  Trendelenburg  position.     A  ver- 

1^  in.)  long  is  made  through  the  abdoniinal  wall 

id  beginning  about  3  fingers'  breadth  above  it. 

!'d  and  kept  in  plače  by  abdoniinal  pads.    The 

vesaels,  which  can  be  rcadily  scen  and  felt, 

The  peritoneum  and  ccliotoniy  wonnd  are 


iirtcrv  :ii« 

to  the  lr;iii>. « 

In  tlio   lian«: 
volar  arterv  of  ili- 
the  radial  artcM-v,   tom 

Operation .)  ir  n  t  r  i  i ; ; 

should  be  supinatcd.    An  iiii-I-:  . 
linear  gnide  to  the  vessel,  Ijciiiii: 
condvle  of  the  humerns.     This  iiif-Ui.. 
fascia,  which  is  retracted  with  the  .^ki? 
lavcr.     The  line  of  division  bet\vcfn  t  hi    ; 
liniis  digitonim   is  sought  for,   and  tlif^f 
anothcr  ahnig  this  line.     The  arterv  is  u' 


The  vesael  nfiay  be  ligated  extraperito- 

'  doTsal  position.     The  incision  extends 

■  ard  to  within  one  inch  of  the  anterior 

inal  wall  is  divided.     The  patient  is 

is  gently  separated  with  the  fingcrs 

The  ureter  is  raised  with  the  peri- 

ng  the  upper  margin  of  the  woiind, 


ligated  15  times;  it  has  been 
ir  hemorrhage.  The  operation 
and  S  times  extraperitoneaIIy. 
*  hour  to  48  day8.  In  no  in- 
'.«^  ]ower  extremitie8.     The 


U:-!-* 


'.»- 


fundus  digitonim,  accompanied  by  its  two 

inner  side.     The  artery  should  be  freed  aiA  -v  .  '"^'  *^*~  ^.  ^omo"-hage 

outNvard.  ''•'**nt  of  the  ligatures.     In 

LOWER  THIRD.— The  position  of  the  patii^^  ^.,,  .    ''*^®^' 
in  the  preceding  operation.     The  hand  should  u^'  -  . "'  *^®  operation  depends 
make  the  tendon  of  the  flexor  carpi  ulnariB  Un«^  '  ' '  '"'"*  »urvived  48  days, 
in. )    in  length  is  made  along  the  radial  border  .^  V      '^'*^^^  J"®*  ^'*^^  *^® 
down  throiigh  the  dcep  fascia,  permitting  tJie  Ufi^o^:       """***^"^  circulation 
inward  direction.     The  arterv  is  found  beneatb  tii*    a 
its  two  veins,  and  with  the  iilnar  nerve  Ivirijr  \o  jv   .i. 
should  be  freed  from  its  veins  and  the  ncedle  int^-^r^. 

AT  TIIP]  WR1ST.— With  the  hand  resting  on  it.  r-  „,^  ' 
incision  with  its  convexitY  outward,  5  cm.   (-2  in.     .i    ,t.^ 
the  radial  side  of  the  piaiform  bone.     Kcjoping  r*loM;  t',  v^,   . 
incision  is  decpcned  through  fascia  and  fatty  tisHUi«,  uj:^     »:^, 
After  the  artcry  has  been  isolated  from  its  two  aimj;anjoi. 


.Lion  of  the 

.ne  of  the 

.    ilie  right 


-«:, 
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jiiry  to  the  iilnar  nerve,  wliicli  liea  elose  to  the  inner  side  of  tlie  arterf,  ttke 
needle  shoiild  be  passed  from  withi2i  outwar(I  (Fig.  lli). 

IN  THE  HAND. — The  opemlioii  for  tviiig  tlie  superlirial  volar  arcli  is  tl^e 
same  as  that  for  ligation  of  the  dccp  volar  arch,  as  the  superficial  arch     ^^^ 
esposed   in  the   courae  of  thia   operation.  ^^M 


ABDOMINAL   AORTA 


Anatomjr. — The  ahiloinimil   jnirta   <'xt(;iiilH   fnim   the 
phragin  to  the  body  of  the  fourth  iuiubar  vertehra,  wh 


iipouiug   in   the  d  ^h.    a- 
[■o  it  dividcs  iiito       ^^»H 
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terminal  branches.  The  point  of  bifurcation  of  the  vessel  is  approximately 
indicated  by  the  intersection  of  a  horizontal  line  passing  through  the  upper 
limits  of  the  iliac  Crests  and  the  median  line  of  the  abdomen.  It  gives  off 
large  visceral  branches  to  the  gastro-intestinal  tract,  to  the  kidnejs  and  to  the 
genital  organs.  Its  lowermo8t  visceral  branch  is  the  inferior  mesenteric.  It 
has  usually  been  ligated  below  this  branch  in  the  last  two  inches  of  its  course. 
It  lies  on  the  vertebral  column,  the  limibar  veins  and  the  recepticulum  chyli ; 
at  its  right  lies  the  inferior  vena  cava.  In  front  are  the  peritoneum,  the  sym- 
pathetic  and  the  intestines  (Fig.  19). 

Operation. — The  patient  is  placed  in  the  Trendelenburg  position.  A  ver- 
tical  incision  about  10  cm.  (4  in.)  long  is  made  through  the  abdominal  wall 
just  to  the  left  of  the  navel,  and  beginning  about  3  fingers'  breadth  above  it. 
The  intestines  are  pushed  upward  and  kept  in  plače  by  abdominal  pads.  The 
peritoneum  is  divided  over  the  vessels,  which  can  be  readily  seen  and  felt, 
and  a  ligature  passed  about  it.  The  peritoneum  and  celiotomy  wound  aro 
then  sutured. 

EXTRAPERIT0NEAL  LIGATION. — The  vessel  may  be  ligated  extraperito- 
neally.  The  patient  is  placed  in  the  dorsal  position.  The  incision  extends 
f rom  the  tenth  rib  downward  and  forward  to  within  one  inch  of  the  anterior 
superior  spine  of  the  ilium;  the  abdominal  wall  is  divided.  The  patient  is 
then  tu  med  to  one  side,  the  peritoneum  is  gently  separated  with  the  fingers 
and  pushed  with  the  intestines  inward.  The  ureter  is  raised  with  the  peri- 
toneum ;  the  aorta  comes  in  view  on  retracting  the  upper  margin  of  the  wound, 
and  a  ligature  is  passed  about  it. 

Eesults. — The  abdominal  aorta  has  been  ligated  15  times;  it  has  been 
ligated  12  times  for  aneurysm  and  3  times  for  hemorrhage.  The  operation 
has  been  done  10  times  through  the  peritoneum  and  5  times  extraperitoneally. 
Death  has  resultcd  in  every  instance,  in  from  one  hour  to  48  day8.  In  no  in- 
stance have  there  been  signs  of  gangrene  of  the  lower  extremitie8.  The 
fatal  issue  has  been  attributed  7  times  to  infection;  twice  to  hemorrhage 
due  to  the  ligature;  4  times  to  hemorrhage  independent  of  the  ligatures.  In 
the  other  cases  reported  the  cause  of  death  is  not  indicated. 

According  to  animal  experimentation  the  gravity  of  the  operation  depends 
upon  the  site  of  the  ligature;  yet  in  Keen's  patient,  who  survived  48  days, 
the  ligature  applied  for  aneurvsm  was  passed  about  the  vessel  just  below  the 
diaphragm.  It  has  been  suggested  that  in  this  instance  a  collateral  circulation 
had  already  been  established  (Monod  and  Van  Verts,  18). 


COMMON  ILIAC  ARTERT 

Anatoiny. — The  conimon  iliac  artery  extends  from  the  bifurcation  of  the 
aorta  at  the  lower  border  of  the  fourth  lunibar  vertebra  to  the  line  of  the 
sacro-iliac  junction.     It  measures  about  5-7  cm.  (2-3  in.)  in  Icngth,  the  right 
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being  a  little   longer  than  the  left.      The  vesBels  paea  downward   and  out- 
ward,  diverging  from  one  another  at  an  angle  of  65°   in  man  and  75°  in 
wonmn.     The  artery  liea  on  the  lateral  portion  of  the  fifth  lunibar  vertebra 
and  on  the  inner  border  of  the  pscas. 

The  relations  of  the  veins  to  the  arteriea  vary  on  the  two  sidea.     On  ti*,« 
right  the  vein  lies  hehind  the  artery  and  ia  intimately  attached  to  it.     Oti 


A 


W\" 


the  left  the  vein  liea  at  first  to  the  inner  aide  of  the  artery  and  in  coat^*'* 
with  it,  and  then  paaaes  beneath  the  right  conimon  iiiac  to  form  the  infef**' 
vena  cava.  The  lymphatic  ganglia  of  the  iliac  chain  are  ordinarilv  plaeed  *'^ 
either  aidc  of  the  artery.  The  ureter  nonnaJly  croaaea  the  left  common  il»*^ 
artery  nearlv  perpendicularly.  On  the  right  aide  the  ureter  iiaiially  cros=** 
beIow  the  bifiircation,  paaaing  over  tlie  extemal  iliac;  exceptiona]ly  the  ure**'" 
pasaea  over  the  common  iliac  on  the  right  aide  (Fig.  20).  The  vessela  »^ 
covered  hy  peritoneniu  and  the  siihperitoneal  cellular  tiaaiie. 

Operation.^(l)  TRANSPEEiTONEAL.— The  patient  is  plaeed  in  the  Tre?*' 
delenhiirg  positiou.  An  inciaion  about  10  cm.  (4  in.)  in  length  is  made  itlot^^ 
the  outer  border  of  the  rectus  miiscle,  and  the  abdominal  cavitv  opcne4.  Th^ 
inteatinea  and  omentiim  are  pualied  upward  and  held  buek  by  aiiitahte  gsu:*^ 
pada.     The  veasel  ia  identified  by  touch  and  aight.     A  sinall  opeuing  is  niad^ 
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peritoneum  over  tlie  artery  and  tlie  aneurvara  needle  threaded  with  the 
ja  passed  about  the  vessel.  The  needle  is  passed  from  witho»t  inward 
right,  and  from  witliiii  outvvard  oa  tlie  left,  Tbe  ureter  ia  carefullj 
.  in  making  the  peritoneal  inciaion,  and  the  ligature  is  passed  in  close 
with  the  artery  to  avoid  injuring  the  veins.     The  needle  ia  withdrawn 


e  ligature  tied,  the  peritoneum  autured,   and   the  ahdoniinal   inciaion 
by  tlje  usiial  lajers  of  siitares. 

BXTHAPERITONEAL.— The  patient  is  placed  in  the  Trendelcnhnrg  posi- 
Phe  inciaion  begins  near  the  apex  of  the  eartilage  of  the  last  rib,  paasea 
ard  and  outward  to  a  finger'8  breadth  above  the  erest  of  the  ilium,  and 
lUB  parallel  to  the  creat  juat  beIow  the  anterior  aiiperior  apine.  The 
)  of  the  abdominal  wall  are  eut  throngh  down  to  the  peritoneum.  The 
eiim  is  then  gently  aeparated  by  blunt  dissection  from  the  tiseuea  be- 
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neath  until  the  arteries  are  felt  The  peritoneum  and  abdominal  muscles 
are  then  retracted  inward.  The  arteries  can  now  be  easily  seen.  The  ureter 
is  lifted  up  with  the  peritoneum.  The  aneurjsm  needle  armed  with  a  ligature 
is  passed  from  without  inward  on  the  right,  and  from  within  outward  on 
the  left.  The  needle  is  made  to  hug  the  vessel  and  is  passed  very  gentlj 
to  avoid  injuring  the  veins.  The  ligature  is  tied,  the  peritoneum  allowed 
to  fall  back  in  plače,  the  muscle  sutured  in  layers,  and  the  skin  incision 
closed. 

Eesults. — The  mortalitj,  taken  from  the  statistics  of  Kiinmiell  from  the 
operations  done  before  the  antiseptic  period,  is  high,  about  75  per  cent.  In 
the  recent  figures  of  Delbet  (9)  the  proportion  of  deaths  is  22  per  cent  Gil- 
lette (13)  gives  the  mortality  in  21  cases  done  since  1880  as  47  per  cent. 
Gangrene  of  the  extremity  is  said  to  follow  in  53  per  cent.  of  the  cases  reported 
(Wolff,  29),  but  Delbet  gives  its  occurrence  as  22  per  cent.,  and  according 
to  Gillette  (13)  it  has  occurred  in  33i/(j  per  cent.  of  the  cases  he  has  tabulated. 


INTEBNAL  ILIAO  ABTEBY 

Anatomj. — The  conamon  iliac  artery  bifurcates  at  the  lower  border  of 
the  fifth  lumbar  vertebra,  near  the  sacrovertebral  angle  at  3  to  5  cm.  (1  1/10 
to  2  in.)  from  the  middle  line.  The  intemal  iliac  extend8  from  this  point 
downward  toward  the  great  sacrosciatic  foramen,  near  the  upper  border  of 
which  it  divides.  The  commencement  of  the  artery  crosses  the  upper  end  of 
the  external  iliac  veins,  and  the  intemal  iliac  veins  lie  behind  and  to  its  inner 
side.  The  artery  is  covered  by  the  peritoneum.  On  the  left  side  the  peri- 
toneum covering  the  artery  is  exposed  if  the  sigmoid  is  lifted  upward.  In  the 
female  the  infundibulopelvic  ligament  containing  the  ovarian  vessels  crosses 
the  artery.  The  ureter  is  adherent  to  the  peritoneum  and  is  lifted  up  with 
the  peritoneum  when  this  is  divided.  On  the  right  side  the  ureter  usually 
passes  down  to  the  outside  of  the  artery.  Occa8ionally  when  the  bifurcation 
of  the  common  iliac  is  lower,  the  ureter  passes  downward  below  the  intemal 
iliac  after  crossing  the  common  iliac  (Fig.  20).  On  the  left  side  the  ureter 
usually  crosses  the  iliac  vessels  at  their  bifurcation;  occasionally  it  crosses 
the  common  iliac  intemal  to  this  point;  and  less  commonly  stili,  when  the 
bifurcation  is  high,  the  ureter  crosses  the  external  iliac  and  passes  downward  to 
the  outside  of  the  internal  iliac. 

Operation. — The  patient  is  placed  in  the  Trendelenburg  posture.  The  ab- 
domen  is  opened  in  the  middle  line,  beginning  at  the  level  of  the  navel  and 
passing  downward  for  about  10  cm.  (4  in.).  The  intestines  are  pushed  up- 
ward  and  held  in  plače  by  suitable  gauze  pads.  The  common  iliac  is  identi- 
fied  and  followed  down  to  its  bifurcation.  The  ureter  is  casily  recognized  and 
the  peritoneum  is  carefully  incised,  avoiding  this  structure.  An  aneurvsm 
needle  is  gently  passed  about  the  artery  at  a  point  about  2  cm.   (4/5  in.) 
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from  ita  origin.     The  nccdle  la  kept  in  close  contact  with  the  arterj,  which  at 
tliia  point  is  intimatelj  related  to  the  iliac  veina  (Fips.  21,  22). 

Besnita. — The  vessel  has  iisimllv  hcen  lifiatcd  to  control  the  hemon-hage 
in  pehic  operations.  Transpcritnnea!  aseptic  ligatin^  is  aecntnpanicd  hy  a 
low  niortalitv  ratc.  Prmist  and  Manrer  (JO)  rcjmrt  S  caHt-a  with  1  death,  in 
which  the  vessel  waa  ligated  in  the  coiirse  of  abdominal  hv9terectomy  for 
cancer. 

OLUTEAL  ABTEBY 


Aa&toiny. — Tlir  pliitoiil 
mis  aud  the  iipinr  l)onIcr 


■s  "lit  ..f  rhe 
i-iatic  iiiitcli. 


jfivis  Ijct^veen  the  pirifor- 
It  id  ai-cunipanicd  by  two 
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large  Teins,  one  Ijing  in  front,  the  other — uauallj  the  larger — lymg  behind 
the  artery.  The  superior  gluteal  nerve  paasea  out  of  the  pelvis  with  the 
arterj,  but  in  front  and  to  the  outer  side  of  the  veasel.  The  gUiteiis  maxiinu3 
corera  the  artery  (Fig.  23).     The  arterj  liee  at  the  junction  of  the  upper  and 


Fio.  23.— Thx  OLimAi.  & 


'gREATSCIATIC  NERVE 
SdATic  ABTiBima.     (Poiri« 


middle  third  of  a  line  drawn  from  the  posterior  superior  spinous  process  of 
the  ilium  to  the  great  trochantcr  with  the  thigh  rotated  inward. 

Operation. — The  patient  is  placed  face  down  with  the  thighs  extcnded  and 
rotated  in.  An  incision  is  made  along  the  line  estendiiig  from  the  posterior- 
BUperior  spinons  procesa  of  the  ilium  to  tlie  great  trochanter,  This  incision  lies 
in  the  direction  of  the  fibers  of  the  gluteus  maximus.  The  fibers  of  this  ranscle 
are  separatcd,  and  the  glutena  mediiis  covered  by  its  fascia  esposed,  This  fascia 
is  divided  and  the  ]ower  margin  of  the  glutcne  roediiis  frecd  hv  bhint  disaection 
or  retractc^i  upward.  The  upper  margin  of  the  great  sacrosciatic  notoh  can  then 
be  eaailv  felt,  and  betiveen  this  margin  and  the  piriformis  the  arterv  is  expo3Gd 
ajid  ligated,  the  accompaoving  veins  and  nerve  bcing  carcfullv  avoided. 
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-  ."       .    ■    :     :.  *   -  -T.^.t:  lH»twc'en  tii»    ..   ■  .■ 

.     .    ■    •     .-   "1-  ^-.s.'.  ?aorosciati<-  i'»'<    -•- 

■  ■         -        •-'  *;.  : — a.  lK?iiiir  pla**«'.  «   • 
..  -•_    .    "*_-"    >::.*:: v  i.if  the  iscljj Itn 
".  ■:  -    .*      ..-■-:!-::.  :r«»iit  and  to  it  k  oini  - 

-    -      *-;:  ..  :  .-:■:•  in-rve,  \vliich  ur*'*:-  :•'    . 
.  _       -.  -   _   .    •„'..!:  ...f  tlie  isclnal  Hpj.'i«    * 
■ -— •  -.    •   -    j'      ..jiiiiifnt.     The  v<'Ks<'!  Mii.- 
•-  •.     :  —.--     1:  i>  rovered,  in  thi-  j/*  •- 
:  -    '       -  .  ■:•  :  :ir--ia  (  FiiT.  215). 

C7-*:sr.:L    - -':.r  ve^sel  niay  Im?  Iipji<'j 

-  .'      ■    '.     -■      •     J     in  the  perincMirn. 

"    -    •     -^  ii  i:«  made  paral  Id  to  t},« 
: -;     •  ■•  *"■•:  :!iinn  to  th(^  tnM'h:uit«'r  i'i; 
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:  .  •  ■  "  -  •■••-:.  The  ghit<^al  arti-rv  *•  r 
i:.'--;        -    '  :  ..--4'-  over  the  rt])in<»  of  tlnr  i-/}.,  ,-■ 

'1 :.'    iMtient  is  jiUummI  in  \\n'  !it/.'i*',- 
r-'.-'.  '  J  ^li«'  niesial  l)order  of  tli<-  tuf^  r  .  / 

:.j.     -  :   ..i*'  thrnuich  the  skin  niid  tli«-  /« 
'.•!-*   :  ..-•!<•  '»f  the  ])erineuni  is  :ivoi<l«"!  .:.'.-.  ■' 
I-  -••:!'  r  iHirdfT  t»f  th«?  irlntcns  nm/irfi  . 
ii.*'i!..;I   -urface  of  th(i  ohturator  i-  '\i-.'U' 
arterv  and  nerve  expose<l,  and  th«!  Iij';i»  i'<   ;,., 
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EZTERNAL  lUAC  ARTEBT 

Anatomy. — The  course  of  the  extemal  iliac  artery  corresponds  to  the  lower 
two-third8  of  a  line,  drawn  from  a  point  1  cm.  below  and  to  the  left  of  the  navel 
to  a  second  point  halfway  between  the  anterior  superior  spine  of  the  ilium  and 
the  sjmphjsis  pubis.  The  length  of  the  vessel  varies  according  to  the  point  of 
bifurcation  of  the  eommon  iliac,  averaging  10  cm.  In  its  course  downward  the 
arterj  rests  against  the  inner  border  of  the  psoas.  It  is  covered  by  the  peri- 
toneum  and  is  crossed  on  the  right  side  by  the  lower  part  of  the  ilium  and  on  the 
left  by  the  sigmoid  flexure.  The  external  iliac  vein  lies  at  first  behind  the 
artery  and  a  little  to  its  inner  side;  but  as  the  vessels  reach  the  inguinal  region, 
they  are  on  the  same  level,  and  the  vein  lies  to  its  inner  side.  Near  its  termina- 
tion  the  artery  is  crossed  by  the  circumflex  iliac  vein  and  three  or  four  lymph 
glands  lie  along  its  outer  and  inner  sides.  The  spermatic  (or  ovarian  vessels) 
and  the  genital  branch  of  the  genitocrural  intersect  it  near  the  inguinal  liga- 
ment.  On  the  right  side  the  ureter  usually  crosses  the  external  iliac  just  below 
the  bifurcation,  except  when  the  latter  is  very  low ;  on  the  left  side,  it  generally 
crosses  at  the  bifurcation,  only  intersecting  the  external  iliac  when  the  division 
of  the  eommon  iliac  into  its  two  branches  is  very  high  (Fig.  20). 

Operation (i)    EXTRAPEBIT0NEAL  METHOD.— The  patient  is  placed  in 

the  Trendelenburg  posture.  An  incision  is  made  parallel  to  and  above  the  mid- 
dle  third  of  Poupart's  ligament.  The  skin,  superficial  fascia  and  the  aponeu- 
rosis  of  the  external  oblique  are  divided.  The  lower  margins  of  the  intemal 
oblique  and  transversalis  are  separated  and  retracted  upward,  and  the  trans- 
versalis  fascia  divided  by  blunt  dissection.  The  peritoneum  and  the  subserous 
tissue  are  then  gently  displaced  upward  and  held  by  retractors.  This  exposes 
the  vessels.  The  sheath  is  opened  and  an  aneury8m  needle  with  the  ligature 
passed  from  within  outward. 

(2)  TRANSPERITONEAL  METHOD. — The  usual  incision  for  exposing  the  ap- 
pendix  is  made  midway  between  the  anterior  superior  spine  of  the  ilium  and  the 
semilunar  line.  The  aponeurosis  of  the  external  oblique  is  divided,  the  internal 
oblique  and  the  transversalis  are  separated,  and  the  peritoneum  opened.  A 
small  gauze  pad  is  inserted  into  the  wound,  pushing  the  coils  of  intestine  away 
from  the  peritoneum  covering  the  external  iliac  artcry.  The  wound  margins  are 
retracted  and  the  peritoneum  covering  the  vessel  pinched  up  and  divided.  Witli 
an  aneurysm  needle  a  ligature  is  carried  about  the  vessel  from  within  outward. 

Besnlts. — The  mortality  following  ligature  of  the  external  iliac  has  been 
much  reduced  in  recent  years.  Monod  and  Van  Vert  (18)  collected  7  cases  with 
no  death.  Kermission  in  the  period  from  1874  to  1883  gives  a  mortality  of 
12.5  per  cent. 

The  frequency  of  gangrene  following  ligature  of  the  external  iliac  has  been 
variously  stated.  Wolff  (29)  gives  it  as  occurring  in  5.26  per  cent.  of  the 
patients  in  which  the  artery  was  ligated  for  aneurysm. 
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DEEP  EPIOASTRIC  ABTEBT 

Anatoiny. — The  deep  epigastric  is  given  off  from  the  extemal  iliac  just  as 
that  vessel  passes  beneath  the  inguinal  ligament,  and  continues  upward  and  in- 
^wrard  to  a  point  sitiiated  2  cul  (.79  in.)  external  to  the  navel.  At  its  origin  it 
passes  mesial  to  the  intemal  abdominal  ring.  It  lies  between  the  fascia  trans- 
Arersalis  and  the  peritoneum  and  enters  the  rectus  sheath  at  the  semicircular 
f  old  of  Douglas.  A  line  drawn  from  the  navel  to  the  mid  point  of  the  inguinal 
ligament  corresponds  to  the  course  of  the  artery. 

Operation. — An  incision  is  made  parallel  to  the  inguinal  ligament  and  about 
3  cm.  (1.18  in.)  above  it.  The  aponeurosis  of  the  extemal  oblique  is  divided 
^nd  the  lower  fibers  of  the  intemal  oblique  and  transversalis  are  separated  and 
x-etracted  upward.  The  transversalis  fascia  is  then  divided,  exposing  the  vessel 
A^ith  its  two  accompanying  veins.  The  ligature  is  passed  about  the  arterj  and 
t;icd.  The  vessel  may  also  be  tied  somewhat  high  up,  as  it  passes  beneath  the 
X3iargin  of  the  rectus  abdominalis. 

The  incision,  parallel  to  the  inguinal  ligament  and  about  5  cm.  (1.97  in.) 
«tbove  it,  is  made  through  the  sheath  of  the  rectus  and  the  aponeurosis  of  the 
lateral  abdominal  muscle  just  external  to  the  rectus.  Separation  of  the  trans- 
^"'orsalis  fascia  exposes  the  artery  with  its  veins  as  it  passes  beneath  the  rectus. 


DEEP  CntCTTMFLEZ  ILIAC  ARTEBY 

Anatomj. — The  vessel  passes  upward  and  outward  from  its  origin,  outside 
CDf  the  external  iliac,  behind  the  inguinal  ligament.  It  lies  on  the  iliacus  muscle 
in  a  fibrous  compartment  formed  by  the  junction  of  the  transversalis  and  iliac 
:fasci8e. 

Operation. — The  incision  is  made  over  the  outer  third  of  Poupart's  ligament 
»nd  just  above  it.  The  skin,  subcutaneous  tissue  and  the  aponeurosis  of  the  ex- 
temal  oblique  are  divided.  The  internal  oblique  and  transversalis  are  sep- 
urated  and  retracted  upward.  The  fascia  transversalis  is  opencd,  and  the  peri- 
toneum gently  displaced  upward,  thus  exposing  the  iliacus  muscle  covered  by  its 
fascia.    On  opening  the  iliac  fascia  the  artery  is  exposed  and  ligated. 


FEMORAL  ABTEBY 

Anatoinj. — The  course  of  the  vessel  is  indicated  by  a  line  extending  from  a 
point  midway  between  the  anterior  superior  spine  of  the  ilium  and  the  symphy- 
m  pubis,  downward  to  the  adductor  tubercle  of  the  femur;  the  thigh  being 
flcxcd,  evcrted  and  slightly  adducted.    The  upper  4  cm.  of  this  line  corresponds 
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to  tbe  commoD  femoral:  tbe  opper  tvotbirds  to  tbe  cooiidod  aad  tlie  sapei^ 
ficUI  fenioral.  .\?  it  puses  throD|ji  ScaTp**s  space.  tbe  Teasel  \s  covned  b^  die 
skin,  sabcotaneoos  tisene.  tbe  iliar  portion  of  tbe  fvcu  Ista  and,  ia  tbe  vj^r 
p«rt,  by  tbe  femoral  abeath.  It  thra  enten  a  canal  made  br  the  fibroos  ineni- 
brane  whicfa  paaees  orer  tbe  artor  fnim  tbe  abdoctor  to  tbe  eitenaor  nnuclea 
and  is  eovpied  bj  tbe  sartorins  mnacle. 
The  femoral  Tein  lies  at  first  to  tbe  inner 
side  of  tbe  arterv,  becamies  moic  posterior 
at  tbe  lerel  of  tbe  apex  of  Scarpa'8  tri- 
an^,  and  as  it  paases  do«ii  tbron^ 
Hnnters  canaL  is  sitnated  distinctlT  be- 
hind  tbe  arterr-.  In  Hiinter'a  canal  tbe 
intemal  sa[4ienoos  neire  accompanies  tbe 
arterv,  King  along  its  aoterior  snrface.  and 
tbe  intenial  cnlaneoos  croases  its  npper 
part. 

OpentiiuL-^JGATlON  op  the  com- 
MON'  FE310BAI..— The  patient  is  placed  in 
tbe  dorsal  poeition  vitfa  tbe  tbi^  flezed 
and  roUted  oaL  An  incision  is  made 
parallel  to  and  jnst  below  Poopart*s  Uga- 
ment,  corresponding  to  ita  middle  tbird. 

Tbe  skin  and  soperficial  faacia  are  di- 
vided  and  the  deep  fascia  expoeed.  Tbia 
is  tben  carefallv  incised  in  the  line  of  tbe 
incision  and  retracted.  bringing  to  view  tbe 
arterv  vitfa  the  Tein  to  it?  inner  side  and 
the  iiiop^oas  to  the  outer  side.  Tbe  abeatb 
of  the  reseel  is  dirided  over  the  arterv  and 


.  Abteki  Ektoszd 


F»0.  3t— Lirr  Femoul 

IMB    Cbibbifdk«    Fa«-!*.       i.  Lj-m. 
sUnd;  3.  '"f""*'  Ivanmit;  3.  3.  Fd^e* 

"'*""'^'".Sr5.'S:^S:  "  "»■»'•"■»  '^''  P'«"'  '■»»  ""■'" 

ntmul  pudmdai  mnny:  A.     oiitward.   OT   the   vessel   mav   be  esposed 
■     through  a  vertica!  incision  (Fig,  2-t). 

Resclts- — Ligation  of  the  comrnon 
femoral  is  said  to  be  followed  by  gangrene  in  25  per  cent.  of  the  cases  (WollT, 
29).  But  5  cases  are  referred  to  bv  Alonod  and  Van  Vert  (ISt,  wheu  the 
commoD  femoral  was  ligated  withoat  anv  disturhance  i  a  the  nutrition  of 
the  leg. 

LIGATTBE  OF  THE  SrPEBFICIAL  FEMOBAL  AT  THE  APEX  OF  8CABPA-8 
TBIANGLE. — The  patient  is  placed  in  the  dorsal  pt^ition  with  the  thigfa  flese-J 
and  rotated  ontward,  .\n  inci^ion  about  10  cm.  (3.94  in.  i  long  is  made  alom: 
the  line  estending  from  the  niid  point  of  Poupart's  ligament  to  the  adductor 
tabercie  and  terminatins  just  below  the  junction  of  the  npper  and  middle  thinl 
of  the  thigb.  The  sartorius  is  eiposed  aod  retracted  to  the  outer  side.  The 
arterv  can  be  felt  beneath  the  fascia.     The  sheath  of  the  vessel  is  carefullv  in- 
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ci&ed  and  an  aneiirjsm  needle  paasod  froin  within  oiitward.     The  vein  liea  be- 
liind  and  to  the  inner  side  of  tho  artery  in  tbis  Bitiiation  (Fig.  24). 

LIGATURE  OF  THE  auPERFICIAL  FEMOEAL  IN  HUNTER'8  CANAL. — The 
,  patient  is  placed  in  the  dorsal  positioii  with  the  thigb  and  leg  flexed  and  the 
thigh  rotated  ontward.  An  ineision  about  10  cm.  (3.94  in.)  long  is  raade  in  the 
line  of  the  veaael,  having  ita  center  at  the  junction  o£  the  middie  and  lower  thirJ 
of  the  thigh.  The  line  of  the 
■vessel  ia  the  Hne  drawn  from  ^- 

tLe  middie  of  Poiipart'a  liga- 
ment  to  the  adduetor  tubercie 
of  the  femiir,  The  sartoriua 
mu  se  le  is  exposed  and  re- 
""■tracted  inwHrd.  The  fibrons 
I  membrane  extending  over  tho 
arterv  from  the  tendon  of  the 
cidductor  ra  a  g  n  11  a  to  the 
^astus  internns  is  divided. 
This  expose8  the  artery  with 
"tSie  I  o  II  g  aaphonons  nerve 
Testing  on  it.  The  nerve  is 
ireed  and  hcld  to  one  aide  by 
a  retractor,  and  an  aneuryam 
needle  is  puased  about  the 
"vessel  from  withoiit  inward. 
The  vein  lies  Itehind  the  ar- 
terv  and  aoniptimes  a  little  to 
its  oiiter  side  (Fig.  S-l).  ~ 

ReBUI.TS.^ — Acoording     to       Pio-  25.— EKPoanRK  oif  THE  Fehohal  Artbht.    V.i .  VmIus 
-,  .   ,  ,  ,      ,„    ,a     /nn\  niedialia;   8.   mrlorius.      Th»   fibrous  nhpiith  of   HuDleT'B 

«he      table      at       Wollt      (29),  CBnal  U  divided  eiimain«  the  temoral  artery  and  vein. 

»bere   bas   been    nerrosis    of 


\ 


the  extreniit_v  follovving  the  ligation  of  the  supcrficial  femoral  in  4.2  pev  cent 
of  the  caaes  roported. 


POPLITEAL  ARTEST 

Anatomy.— The  lineal  projection  of  the  poplitcal  artcrv  ia  representod  by 
a  vprlioal  line  wbich  bisects  the  poplitcal  apaec.  In  the  iipper  part  of  tho  space 
the  vesfel  Hes  a  Httle  to  the  mesial  side  of  this  vertical  line,  beneath  the  lateral 
border  of  the  aemimembranoana. 

T)ie  femoral  arterv  tcnninates  at  the  point  where  the  popliteal  emergea 
from  (ho  opening  for  the  vesscis  in  the  adduetor  magnns,  at  the  npper  part  of 
the  popliteal  apace,  under  cover  of  the  semimemhranosus.  The  popliteal  artery 
terminates  at  the  lower  border  of  the  popliteua,  on  a  level  with  the  lower  part  of 
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the  tiiberosity  of  the  table,  where  it  divides  into  the  anterior  and  posterior  tibial 
arteries.  From  its  origin  the  artery  descends  with  a  sHght  lateral  inclinatiou 
to  the  interspace  between  the  condjles  of  tho  feraur,  whence  it  continues  ita 
course  vertieally  dowiiward  to  ita  termination. 

From  above  downward  it  lies  upon  the  popUteal  surface  of  the  femur,  tho 
posterior  ligaraent  and  the  fascia  eovering  the  popliteus. 

Superfieial  to  the  artery  above  is  the  lateral  border  of  the  semimembranosus. 
At  about  the  middie  of  its  course  it  is  crossed  in  a  direction  downw8rd  and 


inward  by  the  popliteal  vein  and  n 


ore  auperficia]ly  by  the  tibial  nerve  (intemal 
popliteal).  In  the  lower  part  of  its  course 
it  ia  overlapped  by  the  adjacent  bordera  of 
the  medial  and  lateral  heads  of  the  gaa- 
trocnemiuB  and  crosaed  by  the  plantaria 
and  the  nerves  to  the  aoleiis  popliteus  and 
plantaria. 

On  ita  meaial  side  from  above  down- 
ward  are  the  aeiniinembranoans,  the  mesial 
coiidyIe  of  the  fcnnir,  the  tibial  nerve,  the 
femoropopliteal  vein  and  the  mesia)  head 
of  the  gastrocnemiiis. 

On  its  lateral  side  from  above  down- 
ward  are  the  tibial  nerve,  the  femoropop- 
liteal vein,  the  lateral  condyle  of  the  femur, 
the  lateral  head  of  the  gaatrocnemius,  and 
the  plantaria.  Lvmphatic  glanda  are  dia- 
tributed  about  the  vessel  in  an  irregular 
way. 

Operation. — Ligature  of  the  artery  in  the 
upper  and  loiver  parts  of  the  popliteal  space 
^  ^^  will  be  described. 

—  ~~  DPPER  PART  OP  THE  POPLITEAL  SPACE. 

Fio.  26.-ExP08nRE  o  F  Popliteal  Ar-     _Tlie     patient     shnilld     be     On     his     back, 
TEKI.     3.  Semimembranosus;   B,  m-  '  i  n         i  i  . 

ceps:  T,  lateral  and  medial  head  of  the    the   knee   somewhat   nexed   and   supportea 
^^nemius;  A.  artery:  v.  popliteal      j,^     ^     gandbag,      the     thigh      rotated      OUt- 

ward. 
An  inciaion  10  cm.  (3.94  in.)  in  length  ia  madc  parallcl  and  a  little  posterior 
to  the  adductor  inagima,  and  carried  down  to  the  level  of  the  addnctor  tubercle. 
The  saphena  magna  (intemal  aaphenoua  vein)  is  retrncted  iinvard  and  the  fascia 
lata  divided,  esposing  the  sartorius.  Thia  is  retracted  iinvard  and  backward, 
and  together  with  it  the  aaphenoua  nerve.  The  tendon  of  the  adductor  magnua 
is  now  expoaed,  with  the  tendons  of  the  hainstrings  lyinp  beliind  it,  A  diviaion 
is  mflde  between  the  hainstrings  and  the  adductor  mafmns,  and  the  former  re- 
tracted inward  and  the  latter  outward  toward  the  bone.  The  artery  iiow  comea 
''to  Tiew  with  the  femoropopliteal  vein  lateral  to  it,  and  the  tibial  Monra  (ist- 


POSTERIOR    TIBIAL    ARTERT 


443 


tema!  popliteal)  Bti)!  more  lateral  and  not  in  contact    The  sheath  of  the  vessel 
18  opened  and  the  needle  passed  from  without  inward. 

I.0W£R  PART  OF  POPLITEAL  SPACB, — The  patieiit  should  be,  prone.  An 
incision  10  cm.  (3.94  in.)  in  ]eng;th  is  niade  along  the  linear  giiide  to  the  ves- 
sel, opposite  the  ]ower  half  of  the  popliteal  apace.  This  inciBion  ib  carried  down 
through'  the  tendinous  intersection  of 
the  gastrocnemiiis,  ao  as  to  separate  the 
upper  parts  of  the  two  heads  of  the  mus- 
cle.  The  tibial  nerve  is  now  expo8ed 
and  retracted  laterally.  The  femoro- 
popliteal  vein  is  next  identified  and  re- 
tracted mesiallj,  esposing  the  arterj. 
Čare  should  be  taken  in  passing  the 
□eedle  about  the  artery  not  to  injiire  the 
middle,  the  inferior  lateral  or  the  in- 
ferior  mesial  arteries  of  the  knee, 
given  off  at  this  level   (Fig,  26). 

Besnita. — If  the  collateral  veesela 
are  free,  ligature  of  the  popliteal  is  not 
followed  by  gangrene. 


POSTERIOS  TIBIAL  ABTZSV 

Aoatomj. — The  linear  projection  of 
the  posterior  tibial  artery  is  represented 
by  a  line  drawn  from  the  center  of  the 
popliteal  space  to  a  point  midwaj  he- 
tween  the  mesial  malleolus  and  the  tu- 
berositj  of  the  calcaneum. 

The  posterior  tibial  artery  com- 
mcncee  at  the  lower  border  of  the  pop- 
liteua  and  terminates  at  a  line  drawn  be- 
tween  the  tip  of  the  mesial  malleolus 
and  the  prominence  of  the  tuberositj'  of 
the  calcaneum  at  tho  leve]  of  the  lower 
border  of  the  ligamentnm  laciniatum 
(iutemal  anmilar  ligament),  vhere  it 
divides  into  the  mesial  and  lateral 
plantar  arteries. 

The  arterj  puraues  a  downward  anrl  inward  eonrse  aloiig  tho  back  of  the 
1^  Ifiug  upon  the  deep  lajer  of  iinisclcs  siinl  eovcred  l>v  the  fjiscia  cniris  f deep 
B  foaoia)  and  superficial  lajer  itf  uiuscles. 
,  §ban  downward  the  arterv  lies  iipnn  the  tihial  posterior,  the  flesor 


[G.  27,— Tbb  CooRsi  AND  Rblations  of 
1VB  Posterior  Arteries  of  thi  Lbo.  1. 
Biceps;  2.  the  tibial  nerve  (internal  popliteal) ; 
3.  tbe  cut  sectioDB  of  the  upper  portions  of  tbe 
gsatrocnemiua  1  4.  tbe  tibial  nerve  and  the 
poplite&l  artery  juat  before  they  pasa  through 
the  opeuinK  in  tbe  solaua;  S,  scctioa  of  the 
soleus;  6,  Ion«  peroneal  muscle;  7.  long  fleior 
of  the  great  toc  and  the  poroncal  artery ;  S, 
ahortporoDeal  muscle;  d.decp  aponcuroBis;  10, 
section  of  the  tendo  Arhillis:  11.  long  fleior 
of  the  toesi  12,  tendon  of  tbe  posterior  (ibial 
muBclc;  13,  poatcrior  tihial  artery;  14.  tib- 
ial nerve;  15,  poplitPoI  muscie;  18,  tendon 
of    the   aartoriu:«    aetniteiidinosu«!    17,    aemi- 
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Fki.  28.— Ekpobukb  or  PocmaioR  TiB- 


loDgua  digitorum,  the  posterior  eurface  of  the  tibia  and  the  ligamcnttim  talo- 
tibiale  posterius.  The  arterj  ia  crossed  from  within  outward,  about  3  cm,  (1.18 
in.)  beIow  ita  origin,  bj  the  tibial  nerve.  It  is  covered  throughout  its  course 
by  the  faacia  cruris.  More  superficially  it  is  covered  in  the  upper  part  of  the 
leg  by  the  gastrocnemius  and  the  soleus,  with  the  plantaria  between  them.  In 
the  lower  part  o£  its  course  the  artery  is  covered  onlv  by  skin  and  fascia,  escept 
at  its  termination,  where  it  passes  beneath 
the  ligamentiim  laciniatum  (internal  annular 
ligament)  and  the  origin  of  the  adductor 
halluciB.  The  artery  bas  a  vein  on  either 
side.  The  tibial  nerve  (posterior  tibial 
nerve)  lies  at  first  to  the  meaial  side  of  the 
vesBel,  then  crossea  eHpcrficial  to  it,  and  is 
continued  down  on  the  lateral  side.  As  the 
veaael  curvea  forward  behind  the  mesiat 
mallcoluB,  it  lies  npon  the  tendons  of  the  pos- 
terior tibial  and  flexor  longuB  digitonim,  with 
the  tendon  of  the  flesor  longus  hallucis  be- 
hind and  lateral  to  it  (Fig.  27). 

Operation. — The  patient  ahould  be  on  his 
i,BEBiNDTBEMBi>iAbMALLEObna.     back,  with  tho  thigh  rotated  externallj  and 

X'S  .b.  S^cSSfJ:!  «■»  kn«  fl»«'i  «°  >  "g"  «Wl«  ■"■d  »pported 
upon  a  sandbag.  The  artery  can  be  ligated 
at  any  point  in  its  course.  Ligature  in  the  middie  of  the  leg  and  behind  the 
medial  malleolus  will  be  described. 

IN  THE  MIDDLE  OF  THE  LEG. — An  incision  10  cm.  (3.84  in.)  in  length, 
beginning  opposite  the  most  prorainent  part  of  the  calf,  is  made  parallel  to,  and 
about  a  finger'8  breadth  posterior  to  the  mesial  border  of  the  tibia.  The  large 
saphenous  vein  (internal  saphenous  vein)  and  saplienous  nerve  are  identiBed 
and  retracted.  After  division  of  the  fascia  lata  the  mesial  border  of  the  gas- 
trocnemius comea  into  view  and  is  retracted  laterallj,  espoaing  the  muscular 
fibera  of  the  soleus  whicb  arise  from  the  middie  third  of  the  mesial  border  of 
the  tibia.  These  are  divided  in  the  line  of  the  skin  incision  expos!ng  the  fascia 
cruris  (deep  transverse  fascia  of  the  leg).  Tbis  is  opened  in  the  same  direc- 
tion  and  the  flexor  longus  digitorum  with  the  posterior  tibial  Iying  lateral  to 
it  is  exposed.  The  artery  lies  betvveen  these  musclea  vvith  the  tibial  nerve 
lateral  to  it.  After  the  artery  has  been  freed  from  its  veins,  the  needie  should 
be  passed  from  without  inward. 

BEHIND  THE  MEDIAL  MALLEOLUS.— The  position  shonid  be  the  same  as  in 
the  proeeding  operation. 

A  curved  incision  8  cm.  (3.15  in.)  in  length,  with  its  concavity  anterior,  is 
made  a  fingcr's  breadth  posterior  to  tbe  mesial  mallcolns.  Tbe  ligamcntum 
laciniatum  (internal  annular  ligament)  is  divided  in  tlie  same  direction,  espos- 
ing  the  artery  lying  upon  the  tendons  of  the  posterior  tibial  and  flexor  longus 
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iJi^torum,  with  tbe  tibial  nerve  and  tenclon  of  the  flexor  longiis  hallucis  beliind 
artd  lateral  to  it.  After  freeing  the  veasel  from  its  accoiiipanying  veins,  the 
xieedle  is  passed  from  behind  forvvard  (Fig.  28). 


PERONEAL    ARTERT 

Anatom;. — Tho  liiiear  projeetion  of  the  peroneal  arterj  is  represented  by  a 
1  ine  drawn  from  the  posterior  hrirder  of  the  head  of  the  fibula  to  a  point  midway 
"t>etween  the  lateral  malleoUis  and  the  tendo  caleanciia  {Achillia). 

The  peroneal  artery  commences  about  2.5  cm.  below  the  lower  border  of  the 
fiopliteus,  eurves  laterallv  acrosa  the  upper  part  of  the  posterior  tibial  to  the 
:amedial  crest  (postero-interiial  border)  of  the  fibula,  along  wbich  it  deacends 
to  tlie  lower  part  of  the  interoaseons  apace,  and  terminatea  about  1  inch  above 
%.he  anklo  joint  by  dividiiig  into  anterior  and  posterior  terminal  branches. 

As  the  artery  pasees  Iaterally  from  its  origin,  it  liea  upon  the  poeterior  tibial 
:Kntiscle  ajid  ia  covered  by  the  faacia  eniralie  (deep  tratiaverse  fascia)  and  by 
"the  soleiis.  As  it  descenda  along  the  medial  crest  ( poatero-interiial  border)  of 
the  tibiila  it  liea  in  a  fibrous  faual  iipou  the  posterior  tibial  and  ia  covered  by 
the  tl('xor  lorigiia  halUicia.     It  ia  a(;(.mmpanied  by  two  vense  comites  (fig,  37). 

Operatioa. — The  artery  can  be  ligated  at  any  point  in  its  conrae.  Ligatiire 
in  tho  upper  and  lowcr  third  of  the  leg  will  be  deacribed. 

UPPEB  TTIIBD. — The  position  of  the  patient  is  the  same  as  in  the  two  pre- 
«:ec]ing  oporatious.  The  incieion  and  ateps  of  tbe  operation  are  the  aarae  as  in 
tho  ligatnre  of  the  posterior  tibial  in  tbe  middlo  of  the  leg.  After  tbe  division 
<sf  the  fascia  cniria  (deep  transverac  faacia)  the  arterv  is  found  Ijing  upon  tho 
5K)8terior  tibial  aud  partialty  overlapped  by  the  flexor  longus  hallucia.  After  It 
3ias  becn  spparated  from  its  veina,  the  needle  may  be  passed  in  either  direction. 

LOWEB  THIBD. — The  patient  sbould  be  face  down,  witb  a  sanilbag  under 
;he  aukle.  An  inciaiou  8  cm.  (3.15  in.)  in  length  is  made  along  the  line  of  tho 
'^'eBsel  on  the  lovver  third  of  the  leg.  After  division  of  the  deep  faacia,  the  soleua 
ia  exposed  and  drawn  inward,  bringing  the  flexor  longus  hallucis  into  view. 
Tho  attachmont  of  thia  niuscle  to  the  fibula  ia  dividcd  in  the  direction  of  the 
iskin  incision,  eKposing  the  arterv  Iying  npon  the  lateral  border  of  tbe  posterior 
tibiat  muBcIe.  The  artery  ia  acparated  from  ita  vcins  and  the  needle  passed  iii 
«3ithcr  direction. 

ANTERIOR    TIBIAL    ARTERT 

An8tomy.^The  linear  projeetion  of  the  anterior  tibial  artery  is  represented 
\iy  u  line  dravvu  from  the  snperior  tibiofibular  articulation  to  a  point  on  the  an- 
terior aspcct  of  the  ankle  joint  midway  betweGn  the  mesial  nud  the  lateral 
Rialleoli. 

[  coramencea  opposite  the  low?r  border  of  the  poplitetu  and 
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temiinates  iit  front  of  the  ankle  joint,  wherc  it  ia  continued  into  the  dorsalis 
pedis. 

From  its  origin  it  passes  forward  between  the  two  uppennost  elips  of  the 
poaterior  tibial  and  above  the  upper  border  of  the  interosaeoue  membrane  upon 
which  it  lies  for  the  upper  two-third8  of  its  course  down  the  leg.  In  the  lowcr 
tbird  it  liea  upon  the  shaft  of  the  tibia  and  the  anterior  ligament  of  the  ankle 
joint.  In  the  upper  third  of  the  leg  it  lies  bctween  the  estensor  longua  digi- 
^  torum  extemally  and  the  anterior  tibial  in- 

temally;  in  the  middle  third  hetween  the 
extensor  longiis  hallucis  and  the  anterior 
tibial ;  in  the  lowcr  third  the  extenBor  longus 
hallucis  crosses  in  front  of  the  artery  to  its 
inner  side,  and  the  lower  part  of  the  vessel 
liea  between  the  tendon  of  the  estenaor 
longuB  hallucis  and  the  innermost  tendon  of 
the  extensor  longus  digitorum. 

The  anterior  tibial  nerve  Hes  to  the 
lateral  side  of  the  artery  above,  in  front  of  it 
in  its  middle  third,  and  to  the  lateral  side 
again  below,  where  it  intervenes  between  the 
arterj  and  the  innermost  tendon  of  the  ex- 
tensor  longus  digitorum. 

The  artery  is  accompanied  by  two  vena; 
comites. 

In  the  greater  part  of  its  exteut  the  artery 

is  easily  aecessible  from  the  surface,  heing 

iles     crossed  by  the  nerve  and  tendon,  as  already 

described,  and  covered  by  skin,  fascia,  and 

eviaiblc.  the   ligamentum   transversum   cruris    (Figa. 

29,  30  and  31). 

Opcration. — The  anterior  tibial  arterv  can  be  ligated  at  any  point  in  its 

course  after  it  bas  gained  the  anterior  aspect  of  the  leg,    Ligature  of  tho  artery 

in  its  upper  and  lower  thirds  will  be  described. 

IN  THE  UPPER  TKIHD— The  patient  should  be  on  hie  back,  with  the  knee 
Blightly  llexed,  and  snpported  by  a  sandbag. 

An  inciaitm  10  cm.  (3.J)4  in.)  in  length  is  mnde  along  the  line  of  the  arterv. 
commencing  alunit  two  fin^ers'  breadth  below  the  lateral  eond^le  (esternal  tu- 
bero8ity)  of  the  tibia.  and  deepened  to  expo9e  the  aponenrnsis  covering  the 
extensor  muscles  of  the  leg.  This  aponeurosis  is  incised  in  the  line  of  the  skiu 
incision,  the  anterior  tibial  muscle  and  tho  exten8or  digitorum  are  separated  by 
blunt  dissection,  thus  exposing  the  artery  on  the  interosseoiis  membrane.  The 
artery  ia  separated  from  its  accompanying  veins,  whieh  lie  to  either  side  of  it, 
and  the  neeillc  passed  from  without  inward.  The  dccp  pcroneal  nerve  lies  to 
e  lateral  side  and  not  in  contact  with  the  &rtery. 


Fio.  20.— EicpoBDB«  or  thb  Antbuor 
Tibial  op  Left  Lbo.  The  faacja 
is  divided  and  the  anMrior  tibial 
muscle  (I. H.)  rctranted  medial1y  and 
the  extcn3ur  hslIucU  (c.h.)  Iatera1ly: 
in  the  interval  between 
the  deep  peroneal  nerve  and  undet 
the  arter7  aad  veios  accompanying 
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IN  THE  LOWEB  THIBD. — The  poaition  of  the  patient  is  the  stune  aa  in  the 
preceding  operation. 

An  inciaion  10  cm.  (3.94  in.)  in  length  is  made  along  tlie  line  of  the  artery, 
just  to  the  lateral  edge  of  the  tendon  of  the  anterior  tibial  muBcle,  and  oarried 
through  the  fascia  lata.  A  diviaion  is  made  between  the  tendons  of  the  anterior 
tibial  and  extenBor  longus  hallucia,  čare  being  taken  not  to  open  the  sbeath  of 
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Fio.  30. — MTiBci.sa  and  Artibibs  op  the  Leo  &nd  Dobsitm  of  trr  Foot.  1,  Anktrior  tibial;  3,  Vsot 
lateoBor  of  great  toe;  3,  eitensor  lonsus  disitorum ;  4,  aoMriar  tibial  artery  pulled  out  of  its  bed  bjr 
a  loop;  6,  donsl  Brt«ry  of  the  foot. 

the  anterior  tibial  muscle.  The  artery  is  now  expoBed,  lying  upon  the  lateral 
surface  of  the  tibia,  with  a  vein  to  eitber  side  and  the  deep  peroneal  nerve  in 
front  of  it  above,  and  lateral  to  it  below.  The  needlo  should  be  passed  from 
without  inward  (Fig.  28). 


D0E8ALIS  PEDIS  ARTEBT 


Anatom;. — The  Hnear  projection  of  tlie  dorsalis  pedis  artery  is  represented 
by  a  line  drawn  from  a  point  on  tlio  anterior  aspeut  of  the  ankle  joint  midway 
between  the  two  malleoli  to  tlie  apcx  of  tlie  wob  betwcen  tlie  great  toe  and  seo- 


LIGATIONS    OF   AETERIES    IN    CONTINUITT 


ond  toe.     The  arterj  is  subcutaneoua  tliroughout  the  greater  part  of  its  coarse, 
and  itfi  pulsations  can  ordinarilj  be  felt  (Figs.  30  and  31). 

The  dorsalis  pedis  artery,  a  direct  continuation  of  the  anterlor  tibial,  ex- 
tends  from  the  front  of  the  ankle  joint  to  the  posterior  extremit;  of  the  first 
interosseous  space,  through  which  it  paases  to  the  plantar  surface  of  the  foot, 
and,  b;  anastomosing  with  the  lateral  plantar,  completes  the  plantar  arch. 

In  ita  course  along  the  dorsum  of  the  foot  it  liea  upon  the 
anterior  ligament  of  the  ankle  joint,  the  hoad  of  the  Astraga- 
lus,  the  astragalonavicular  ligament,  the  dorsum  of  the 
navicular  bone,  the  dorsal  naviculocuneiform  ligament  and 
the  dorsal  intercuneiform  ligament  betveen  the  intemal  and 
middie  cuneiforms.  The  medial  terminal  branch  of  the  deep 
peroneal  nerve,  the  ejttensor  hrevis  digitonim  and  the  inner- 
moBt  tendon  of  the  exten8or  longus  digitonim  are  placed 
laterallj.  The  tendon  of  the  exten8or  longiis  halliicis  liea 
mediallj.  It  is  eovered  by  skin,  fascia  and  the  lower  part  of 
the  annular  ligament.  It  is  eroased  near  ita  termination  by 
the  ianermost  tendon  of  the  extensor  brevis  digitonim. 

Operation. — The  patient  should  be  on  his  back  with  the 
foot  extended. 

The  dorsalis  pedis  can  be  ligated  at  anj  point  between  ita 
origin  and  the  posterior  extremity  of  the  first  interosseous 
space.  Owing  to  the  shortness  of  the  vessel,  llgature  at  any 
point  in  the  yessel's  course  can  be  accomplished  through  one 
incision. 

An  incision  ia  mado  along  the  line  of  the  arterj,  b^n- 
ning  at  a  point  opposite  the  tips  of  the  two  malleoli  and  carried  to  the  pos- 
terior extremity  of  the  first  interosseous  space.  After  division  of  skin  and 
fascia,  the  tendon  o£  the  estensor  longus  ballucis  will  be  scen  lying  to  the 
mesial  side  of  the  incision,  with  the  innermost  tendon  of  the  estensor 
longus  digitonim  lateral  to  it.  In  the  upper  angle  of  the  incision,  tbese 
two  tendons  are  bound  down  by  the  lower  part  of  the  annular  ligament.  In 
the  lower  angle  of  the  incision  the  innermoBt  tendon  of  the  estenaor  brevis 
digitonim  crossea  from  without  inward.  To  expo9e  the  artery  in  the  upper 
part  of  tho  incision  the  lower  part  of  the  annular  ligament  must  be  divided 
in  the  line  of  the  skin  incision,  and  the  tendons  retracted  to  either  side. 
The  artery  liea  between  the  tendons  with  a  vein  to  either  side  and  the  deep . 
peroneal  nerve  to  ita  lateral  side.  In  the  lower  angle  of  the  incision  the 
innermost  teinlon  of  the  extenaor  brevis  digitnrum  must  be  retracted  lat- 
erally  to  expose  the  artery.  In  both  instances,  after  the  artery  has  been 
separated  from  its  veins,  the  needle  should  be  pasaed  from  without  inw8rd. 
In  closing  the  wound  čare  should  be  taken  to  repair  the  divided  Iower  part  of 
the  annular  ligament. 


Fia.   31. — Lim   • 

DOBSAL      Abtkbt 
OF  1HI  AMTB8IOK 


BIBLIOGRAPHY  449 


BIBLIOGRAPHT 

Baij)win,  j.  F.    Synchronous  Lig.  of  Subclavian  and  Carotid  for  Aneur- 

ysin  of  Innominate,  Journ.  Am.  Med.  Assn.,  Iviii,  113. 
Ballance  and  Edmunds.    Treatise  on  Ligature  of  Great  Arteries  in  Con- 

tinuitjr,  London,  1891. 
Blake,  j.  a.     Aneurjsm  of  the  Second  and  Third  Portions  of  the 

Rt.  Subclavian;  Proximal  and  Distal  Lig.,  Ann.  Siirg.,  1906,  xliii, 

919. 
BuBNS,  W.  B.    Successful  Lig.  of  the  Innominate  Artery,  Jour.  Am.  Med. 

Assn.,  1908,  li,  1671. 
Chalieb,  a.,  and  Muraed,  J.    Lig.  of  Common  Iliac  Artery  and  Neigh- 

boring  Vessels,  Rev.  de  Chir.,  1912,  Feb.,  xxxii.  No.  2,  153-368. 
CuKTis,  B.  F.     Lig.  of  First  Portion  of  Subclavian,  Ann.  Surg.,  1897, 

xxvii,  540. 

.    Lig.  of  Innominate  Arterv,  Ann.  Surg.,  1900,  xxxi,  629. 

De  Fouemestraux,  J.    These  de  Pariš,  1906-1907,  No.  292. 

Delbeet,  Pierre.    Chirurgie  arterielle  et  veineuse,  xv,  Gong.  Internat. 

de  Med.,  1906,  46. 
Descomps,  p.    Technic  of  Lig.  of  External  Carotid,  Presse  med.,  1912, 

April  20,  xxxii,  325-336. 
DuvAL.    Technique  operatoire  de  la  lig.  de  la  sous-claviere  en  dedans  des 

scalenes  et  dans  le  mediastin.  Rev.  de  chir.,  1910,  xlii,  1095. 
FoROUE  et  BoTHEZAT.     Arch.  de  Med.  experiment.,  1894,  vi,  473-512. 
Gillette,  W.  J.     Lig.  of  Left  Common  Iliac  Art.,  Ann.  Surg.,  1908, 

xlviii,  22. 
Herzen,  p.    Deutsch.  Ztschr.  f.  Chir.,  1910,  March,  civ,  209-423. 
Jacob  and  Rowlands.    Lig.  of  Arteries  of  Head  and  Neck,  Operations 

of  Surgery,  5th  Edition. 
LiLiENTHAL.     Aucurjsm  of  Rt.  Subclavian,  Ann.  Surg.,  1905,  xlii,  272. 
MiKTJLicz.    Ein  Fall  von  nicht  traumatischen  Aneurysm  der  Ar.  Verte- 

bralis,  Arch.  f.  klin.  Chir.,  1896,  lii,  23-24. 
MoNOD  et  Van  Verts.    Chir.  des  arteres.  Pariš,  1909. 
Neff,  j.  m.     Successful  Lig.  of  Ist  Part  of  Subclavian,  Ann.  Surg., 

1911,  Oct.,  liv.  No.  4. 
Proust  and  Maurer.    Ligature  de  Tartere  hypogastrique  dans  Thjsterec- 

tomie  abdominale,  Jour.  de  Chir.,  1913,  xi,  141. 
Rubritius,  h.    Beitr.  z.  klin.  Chir.,  1912,  lxxvi,  144. 
Saigo.    Deut.  Ztschr.  f.  Chir.,  lxxxv,  577. 
'     Savariaitd.    Rev.  de  Chir.,  1906,  xxxiv,  1. 
•    ScHWATZ.    Rev.  de  Chir.,  1911,  xliii,  116. 
>.    Sheen,  W.     Lig.  of  Innominate  Art.,  Ann.  Surg.,  1905,  July,  xlii. 

No.  1. 

80 


i 


460  LIGATIONS   OF   ARTERIES   IN   CONTINUITT 

26.  SiEORisT.    Arch.  f.  Ophth.,  1905,  61. 

27.  Stonham.    Lancet,  1902,  Aug.,  2. 

28.  Waldeyeb,  Wilhelm.    Das  Trigonum  Subclavian.,  Bonn,  1903. 

29.  WoLFF,  E.    Die  Haufigkeit  der  Extremitatennekro8e  nach  Unterl 

grosser  Gefasstamme,  Beitr.  z.  klin.  Chir.,  Iviii,  762-802. 


CHAPTER    Xn 


PLASTIC  8UBGEBY,   INCLUDINO   HARELIP   AND   CLEPT 
PALATE,  AL80  THE  PLASTIC  8UR0EBY  OF  THE  LIP8,  CHEEK8,  EYELID8,  AND 


PeBCT   R    TnBSDBE 


Flastic  Burgery  is  that  brauch  of  8urgery  which  deala  with  the  repair  of 
r  malfonnations,  either  congenital  or  acquired,  and  the  improvemeDt 
of  cosmetic  conditions. 


aSNEBAL  PBINOIPLES 


To  obtain  successfiil  reaulta  Id  any  plastic  operation,  two  fundamental  prin- 
ciples  must  be  obserred;  first,  as  perfect  an  asepsis  as  poseible  in  order  to 
obtain  primary  tmionj  and,  second,  no  interference  vith  the  vitality  of  the 
parts. 

Complete  asepsis  is  of  the  utmost  importance,  and  the  greateat  čare  must  be 
ezerciaed  to  insure  it.  Strong  antiseptic  solutions  must  never  be  used,  as  thev 
undoubtedly  diminiBh  the  healing  abilitj  of  the  tissues.  Therefore,  if  infection 
does  take  place,  the  operation  will  not  only  fail,  but  the  final  result  maj  be  much 
wor8e  tban  the  condition  before  operation. 

To  insure  the  nutrition  of  the  transposed  parts,  the  operation  must  be  so 
planned  that  the  blood  supply  is  sufficient,  and  that  the  Tessels  remain  patent 
and  are  not  obliterated  by  either  twisting  or  tension  after  the  parts  have  been 
secured  in  their  new  positions. 

Treves  (24)  sums  up  tbese  principlea  in  the  most  ezcellent  and  compre- 
hensive  way,  as  foUovrs : 

"1.  The  comtnon  feature  irhieli  underlies  plastic  surKeiy,  ae  the  term  in  UBUully 
undentood,  inTolTCB  the  ready  aiid  »ecure  uiiion  of  refroshed  or  dividcd  surfui^ee, 
The  opcrationa  for  the  moat  part  concem  the  skin,  nnd  Brc  dppt-ndpnt  \ipoii  the  vhscu- 
1arit7  and  elasticit^  of  the  skin,  its  mobility,  the  readineaa  with  which  vouuds  uiad« 
in  it  unite,  and  the  comparative  etise  with  vhirh  it  nui;  Ei«  di^^Kid.  Kii  witb  whioh 
it  moulda  and  adapte  iteelf  to  a  ii(.'w  situstion, 

"2.     In  the  actual  planaing  of  incieiona  ■ 
be  done  by  foUowing  hlindl;  any  especial  oM 
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its  merits,  and  each  operation  arranged  as  the  needs  of  the  particular  čase  suggest. 
No  branch  of  operative  surgery  demands  more  ingeiiuity,  more  patience,  more  fore- 
thought  or  more  attention  to  detail.  In  conneetion  with  certain  operations  it  niay 
almost  be  said  that  no  two  cases  are  alike. 

'^3.  As  sound  and  rapid  healing  is  essential  in  these  operations,  it  is  of  primarj 
importance  that  the  patient  be  in  the  best  possible  health  and  that  the  tissues  in  the 
operation  area  be  free  from  disease.  Scar  tissue  can  never  be  relied  upon,  and  it  is 
needless  to  speak  of  the  recklessness  of  plastic  operations  in  the  vicinity  of  aetive 
syphilitic  disease,  or  of  lupus,  or  in  aged  or  broken-down  subjects.  In  many  cases  the 
operation  cannot  be  repeated;  there  is  littie  before  the  surgeon  but  success  or  a  condi- 
tion  more  lamentable  than  mere  failure.  A  plastic  operation  may  leave  the  deformity 
in  a  wor8e  condition  than  it  was  before  the  čase  wa8  approached,  and  before  the  pros- 
pects  of  success  are  compromised  the  surgeon  should  be  convinced  that  no  possible 
element  of  failure  has  been  overlooked. 

^^4.  In  planning  the  flaps,  it  is  nece8sary  that  they  be  derived  from  sound  tissues, 
that  they  be  thick  and  include  the  subcutaneous  tissue,  that  their  va8cularity  be  as- 
sured  and  that  they  be  so  cut  as  to  inflict  the  least  possible  damage  upon  the  arteries 
which  8upp]y  them.  The  flap  must  be  large  enough,  and  as  a  rule  should  be  one-sixth 
larger  than  the  space  it  has  to  fill;  it  must  be  gently  handled,  carefully  adjusted  and 
most  tenderly  and  precisely  sutured.  The  pedicle  of  the  fiap  must  not  be  so  twisted 
or  extended  as  to  occlude  the  nutrient  vessel.  It  is  of  the  utmost  importance  that 
there  be  no  undue  tension  upon  the  parts,  and  that  the  edges  of  the  wound  be  not 
merely  dragged  together. 

^^5.  The  margins  of  any  surfaces  of  skin  which  are  to  be  brought  together  must  be 
evenly  and  liberally  freshened.  Throughout  the  whole  progress  of  the  čase  the  strictest 
antiseptic^  precautions  must  be  carried  out,  and  the  minutest  čare  must  be  paid  in 
the  after-treatment." 


UETHODS  USED  IN  PLASTIC  SUBGERT 

The  following  are  the  general  methods  used  in  plastic  8urgery  for  the  re- 
pair  of  loss  of  tissue  or  malformation  on  the  surface  of  the  body  or  mucous 
membrane : 

1.  Suture  and  Tension. — This  method  consists  simply  in  tlie  freshening  of 
the  edges  of  the  skin  or  mucous  membrane  surrounding  the  area  to  be  fiUed  in, 
and  in  the  drawing  together  of  the  f  reshly  cut  edges  by  the  correct  insertion  of 
sutures.  It  is  only  applicable  in  small  defects,  or  on  parts  of  the  body  where 
the  skin  is  loosely  attached  or  where  a  considerable  amount  of  subcutaneous  fat 
exists.  Liberating  incisions  through  the  neighboring  healthy  tissues  are  some- 
times  useful  to  relieve  tension  and  insure  the  vitality  of  the  parts  (Fig.  1). 

2.  Gliding  Flaps. — By  this  method  the  parts  to  be  replaced  are  filled  by 
adjacent  tissue.  It  is  the  one  most  commonly  used.  In  its  siinplest  form  it 
consists  in  undermining  or  undercutting  the  skin  and  subcutaneous  tissues  from 
the  deeper  parts  to  an  extent  which  will  allow  them  to  be  placed  in  apposition 
without  tension  (Fig.  2). 

If  the  area  to  be  covered  is  so  extensive  that  this  simple  method  oanuot 

^  Aseptic. 
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,  either  because  of  ita 
a,  2  flapa  cnn  be  made, 
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nsed,  it  is  then  necesaarv  to  make  liberating  inciaions,  uaHal!y  2  in  numlrer, 
parallel  to  eacli  other,  thus  forraing  a  flap  (Fig,  3). 

If  the  area  eannot  be  covered  by  the  last  procediin 
aize  or  the  difBcu]ty  !□  obtainiii;;  one  flap  of  siiffieient  an 
1  oa  each  side,  as  abown  in  Fipire  4.     To  ob- 
tain  a  amooth  siirface  in  tbis  caae,  it  ma_y  be         ,,- 
necessarv  to  remove  small  trianglpa  of  akin,  aa 
8howii  at  A,  B,  C,  and  D.     To  cover  a  triangu- 
lar  defect,  one  of  the  3  methods  ilhiatrated  in 
Figiires  5,  (5,  and  7  may  be  eniploved. 

3.  The  Olidin^  Flap  with  Rotation.  — Tbis 
method  alao  makes  use  of  adjoining  tissuea  to 
fill  the  parts  to  be  repaired.  It  is  much  uaed 
and  most  uaefnl,  and  is  well  illiistrated  in  the 
Estlander  operation  for  restoring  the  lower  lip 
(page  502)  and  in  the  Davies-Colley  operation 
of  uraiiopla8ty  {page  4S1).  Alway3  in  tbis  pro- 
cedure čare  iniist  be  taken  not  to  interfere  with 
the  vitality  of  the  flap  by  too  sharply  twi8ting 
its  baae  or  pedicle. 

A  most  nseful  modification  of  this  method 
is  described  by  Oroft  (2),  which  raay  be  called 

the  "graitvJalion  melhod."  It  is  eapeciallv  recommended  for  the  relief 
of  cicatrieial  tissue  follnwing  burna,  and  Jlr.  Croft  has  had  remarkable  suc- 
CCBB  with  it.  The  metbod  conaists  in  freeing  a  flap  of  aiifficient  size  from  ita 
deeper  parta,  leaving  it  attacbed  at  both  enda.  Tbe  flap  miist  be  aa  thick  aa 
poBsible,  eapeciallv  taward  the  center,  and  consists  of  ali 
the  tissuea  doM-n  to  the  deep  faacia.  A  layer  of  rubber 
tiaaue  or  oil  siik  ia  placed  between  the  raiaed  flap  and  the 

II 1  deeper  parts,  and  tlie  vound  allowed  to  granulate  for 

vl^^^^^^^  from  2  to  3  week8,  when  one  of  its  attachmenta  is  cut  and 

JH^^^^^^^^        tbe  flap  rotated  into  tbe  position  deaired,     By  iiaing  this 
ffli  w!iii|ii|'l[l|li]ljji|  metbod,  Croft  elaims  tbat:     "1.    The  risks  of  sloiighing 

"^^^^^^^^^  ^^  8ny  part  are  greatly  diminisbed.  Inatead  of  being 
"^^^^^^  transplantcd  when  rccentlv  drained  of  blood  and  reduced 
in  temperature,  it  is  renioved  when  abundantlv  vaaeiilar 
and  fiill  of  active,  living,  plastic  niatter.  2.  The  trauB- 
plantation  being  made  two  or  tbree  weeks  after  tbe  firat 
operation.  the  local  effecta  of  shoek  are  avoided  or  re- 
duced to  a  minimum."  In  this  procedure  the  need  of  perfect  aaepsis,  not  oniv 
for  tbe  operation,  bnt  diiring  the  time  of  grauulation,  is  obvious  and  canuot  Im- 
too  atronglv  emphaaiKpd. 

4.  Pednncnlated  Flap«.- — Theae  are  flaps,  lifted  from  their  subjacent  tisanea 
flnd  laft  attacbed  to  the  deeper  parts  by  only  a  amall  pedicle,  by  means  of  wbich 


T  T  T  T 


r.tamitto     Defe 
UaniBulNtNo 

3UK. 


PLASTIC   SURGERT 


Fls.  3. — Mbibod  or  CLoama  Diracr  bt  SiNObi  Oudino  P[.ir. 

the  flap  is  nourished  in  its  new  position  until  healing  and  a  iiew  vascular  Bupply 
take  place.  and  wliich  18  then  severed.     By  the  uae  of  this  tvpe  of  flap  it  ia 
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Fig.  4. — Mbthod  or  Globino  Defect  bi  Doobi^  Glidino  Fijip. 

possiblfl  to  transfer  to  the  part  to  be  repaired  a  flap  which  has  been  derived 

from  a  distant  part  of  the  body  A  tjpical  examp]e  of  this  method  can  be  seen 
in  the  operation  of  rhinoplasty  as  done 
after  the  Indian  technic,  wbere  a  flap 
from  the  surface  of  the  ann  ia  trans- 
ferred  to  the  face. 

The  reverae  of  the  above  is  the  so- 
caUed  pochet  method,  in  which  the  de- 
fect  to  be  closed  is  brought  to  the  flap. 
For  example,  when  it  ia  desired  to  re- 
Btore  the  tissiies  on  the  back  of  tlie 
hand,  a  bridge  of  akin  and  eubciitaneona 
tissue  of  sufficient  aize  is  raised  from 
the  abdomen  or  chest  and  the  hand  in- 
serted  and  fixed  until  nnion  between  the 

raw  siirfaces  has  taken  place,  when  the  attachments  of  the  skin  to  the  abdomen 

are  ciit  (Fig.  8). 

5.    Transplantation  of  Prce  Grafta.— These  grafta  may  consiat  of  akin,  or 

skin  and  Bubcutaneoue  tissue,  or  bone  or  cartilage,  and  can  be  taken  from  the 


Elo.  6. — Mbthod  ot  Globino  Tbiuioulab  Dbfbct  bi  Doublb  Glidino  FLat. 


Fio.  7. — Mdihod  ov  CLOstNO  TmiAKOohAi  DancT. 


Fio.  8. — PocKBT  MrrBOD  or  Closing  Dirmcr. 
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surface  of  the  abdomen  or  thigh.  This  method  is  especiallj  useful  in  the  clos- 
ing  of  fresh  defects  caused  by  operation  woundB,  and  a  great  advantage  of  it  is 
that  the  scar  resulting  from  the  removal  of  the  flap  is  out  of  sight. 

6.     Skin  Grafting. — For  skin  grafting,  see  page  519. 

Cause  of  Failure. — The  causes  of  failure  are  either  infection  or  gangrene, 
or  both. 

1.  If  infection  8hows  itself  along  the  siiture  line  or  in  the  deeper  parts, 
the  wound  must  receive  the  regular  treatment  for  siich  a  condition.  The  su- 
tures  must  be  removed,  drainage  established,  and  wet  dressings  applied. 

2.  If,  after  3  or  4  days,  gangrene  has  developed,  its  character  must  be 
determined  as  soon  as  possible,  because  if  it  is  gangrene  of  the  moist  type,  it  is 
due  to  infection,  and  the  gangrenous  area  must  be  removed  immediately.  On 
the  other  hand,  if  it  is  gangrene  of  the  dry  type,  it  is  due  to  interference  with 
the  blood  stipply  of  the  flap,  in  which  čase  it  is  best  to  allow  the  area  to  remain 
until  the  line  of  demarcation  is  distinctly  formed,  when  the  gangrenous  area 
loosens  by  itself  from  the  underlying  tissues  and  may  then  be  easily  lif ted  oflF. 


HABELIP  AND  OLEFT  PALATE 

Congenital  fissures  or  clefts  of  the  lips,  the  nostrils,  the  alveolar  arch,  the 
hard  palate,  and  the  palatine  velum  are  cloBely  related,  from  the  operative  as 
well  as  the  embryological  point  of  view.  These  malformations  are  frequently 
associated,  and  their  treatment  eonsists  in  a  8equence  of  restorative  procedures 
upon  a  very  limited  area. 

Ilarelip  is  a  fissure  or  cleft  in  the  lip  occurring  as  a  congenital  deformitv 
in  children.  It  usuallv  occurs  in  the  upper  lip  and  is  very  apt  to  be  complicated 
by  an  alveolar  or  velopalatine  fissure. 

Cleft  palate  is  a  congenital  deficiency  of  the  palate,  in  which  there  is  a 
fissure  nmning  in  an  anteroposterior  direction,  often  involving  the  uvula,  the 
soft  palate,  or  the  hard  palate,  8eparately  or  together.  Unless  the  condition  is 
congenital,  it  cannot  properly  be  spoken  of  as  a  cleft  palate. 

Until  the  end  of  the  second  or  the  beginning  of  the  third  month  of  fetal  life, 
cleft  palate  is  physiological.  It  has  been  shown  by  His  that  up  to  this  time  the 
tongue  lies  above  the  free  palatine  margins,  which  later  ascend  and  unite  above 
the  tongue.  Occasionally  the  same  patient  will  have  a  harelip  with  a  divided 
velum  or  posterior  portion  of  the  hard  palate  and  with  the  intennediate  segment 
of  the  palate  intact.  ilalfonuations  consisting  of  a  labial  and  a  velopalatine 
fissure  are  not  neccssarilv  continuous,  but  are  generally  found  to  be  so  in  cases 
of  double  harelip  associated  with  a  deep  double  alveolar  fissure.  The  solution 
of  contimiitj  in  these  cases  extends  in  the  direction  of  the  hard  palate  and  the 
velum,  reaching  from  the  upper  lip  to  the  posterior  margin  of  the  roof  of  the 
palate. 

Lahiofissure  or  harelip  has  a  predilection  for  the  left  side.    Statistics  indi- 
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cate  that  more  male  than  female  children  are  bom  with  harelip.  The  relative 
frequency  of  the  deformity  is  illustrated  by  the  occurrenee  of  1  čase  among 
2,400  infants  in  the  St.  Petersburg  Asjlum  (Freobelius).  The  proportion  of 
the  different  varieties  of  deformities  is  well  brought  out  in  Hang^s  statistics  of 
555  cases: 

Simple  unilateral  harelips 130 

Simple  bilateral  harelips 18 

Unilateral  labiomaxillary  clefts 21 

Double  labial  clefts  with  one  or  two  clefts  of  the  alve- 

olar  margin   6 

Unilateral  labiopalatine  clefts 27 

Bilateral  labiopalatine  clefts 12 

Unilateral  labiomaxillary  palatine  clefts 226 

Double   harelip   with    unilateral    labiomaxillary   pala- 
tine cleft    32 

Bilateral  labiomaxillary  palatine  clefts 83 

Total 555 

Sunimary  of  relative  proportion  of  the  cases : 

Simple  unilateral   harelips 130  (25  per  cent.) 

Simple  bilateral  harelips 18  (  3  per  cent.) 

Complicated  unilateral  harelips 274  (49  per  cent.) 

(/omplicated  bilateral  harelips 133  (23  per  cent.) 

The  simple  cases  accordingly  amount  to  28  per  cent.,  and  the  more  or  lesa 
complicated  cases  amount  to  72  per  cent.  or  nearly  %  of  the  total  number. 

According  to  the  statistics  of  these  large  compilations,  about  Vi  of  ^^^  hare- 
lip cases  are  bilateral.  With  special  reference  to  the  unilateral  cases,  %  of 
these  concemed  the  left  side  and  only  i/i  ^^e  right.  This  remarkable  pre- 
dominance  in  the  left  side  bas  never  been  satisfactorily  explained. 

VARIETIES  OF   HABEUP   AND   GI.EFT  PALATE 

Median  Harelip. — This  deformity  (Fig.  9)  is  rare,  and  may  vary  in  ex- 
tent  from  a  slight  notch  in  the  vermilion  border  of  the  lip  to  a  complete  cleft 
extending  upward  into  the  nasal  septum.  In  the  latter  čase  the  frenum  is  also 
split.  In  a  form  described  by  Witzel,  the  cleft  in  the  nasal  septum  extends  to 
the  vomer. 

An  apparent  median  cleft  may  in  realitv  be  a  bilateral  cleft,  with  the  median 
portions  of  the  lip  and  maxilla  entirelv  laekin«>:. 

Simple  Unilateral  Harelip. —  The  division  in  this  malfonnation  varies  in- 
creasingly  toward  the  nostril  from  the  mildest  cases,  where  it  is  merelv  a  notch 
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in  the  ontline  of  tbe  imieosa  (Fig.  10),  to  where,  in  the  severest  cases,  it  Bep&- 
rates  tlic  nostril  into  2  balves  (Fig.  11).  TLe  mucosa  is  iiaiiallj  more  or  less 
cvcrted  on  the  cntaneoiis  aspect  f»f  tbe  lip.  Tbe 
more  estensive  forma  of  harelip  aro  characterized 
by  atrophy  of  tlie  exteriml  bordi?r  of  the  cleft,  au 
estensive  opening  and  a  flatteiiinp  of  tbe  nostril, 
combined  witb  lowering  of  tlie  iiasal  ala. 

Unilateral  Harelip  with  Fissnre  of  the  Boiiy 
Parts. — Tbis  presentH,  in  addition  to  tlie  alvive  de- 
scribed  defonnitiea  of  tbe  soft  parts,  a  more  or  less 
marked  cleft  of  the  alveolar  areh  witb  or  without 
irregiilarities  of  tbe  teetb.  In  tbe  severer  cases 
tbe  diviaion  involves  tbe  full  height  of  the  alveolar 
margin  as  vvell  as  the  most  anterior  portion  of  the  palatine  roof.  The  cleft  is 
directed  obliqiiel.y  backward  and  iiiward  toward  the  anterior  palatine  foramen, 
wbere  it  eitber  stope  or  is  combined  with,  and  pro- 
longed  iuto,  a  eoniplete  velopalatine  fissnre.  In 
otber  caaes  of  labiopalatine  lissure  there  is  no  con- 
tinuity  of  the  sviperticia!  with  the  deep  malforma- 
tion,  Simple  as  «'ell  as  complicated  labiotiasure 
nia.v  be  associated  with  a  divided  vehim  and  an  in- 
tact  palate.  In  simple  or  donble  harelip  cases  com- 
plicated by  bony  fissure,  tbe  soft  parts  are  sonie- 
times  partiaily  abseiit,  tbe  portions  of  the  lip  which 
should  fnrnisb  the  ilaps  for  a  restorative  operation 
being  irregular,  retracted,  and  atrophic.  The  inter- 
maxillary  bone  leana  obliquely  toward  tbe  normal 
side,  which  is  dne  to  the  more  advanced  grovrth  of 
the  vomer;  the  latter,  having  lost  its  lateral  mipport 

and  its  growth  being  impeded,  pushes  the  intennaxillary  bone  forward  into 
an  obIique  position,  which  intermpts  the  alveolar  arch. 

Simple  Bilateral  Harelip  (Fig.  12).— In 
these  cases  the  featiirea  of  simple  iinilat*ral 
harelip  are  present  on  both  aidea,  although 
the  malfomintion  is  not  necessarilv  s_itu- 
metrical  or  of  the  same  degree.  On  one  side 
the  fiasiire  may  be  incompiete,  wbi!e  on  tlie 
otber  it  inav  involve  the  lower  border  of  tbe 
nostril.  Bilateral  harelip  without  anv  bonv 
malfonnation  is  rare  (18  among  555  caaee. 
aecording  to  Hangl. 

Complicated  Bilateral  Harelip  (Fig.  13). 
— In  exceptionaI  cases,  siraple  alveolar  fissure  on  one  sidc  mav  lie  associate<l 
with  a  Gomplete  cleft  on  the  other  side.     As  a  rule,  tbe  ilufomiitiea  are  more  or 
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less  svmmetrical,  tlie  bony  complitrations  assuming  one  of  the  fol]owing  types: 
a  purelv  alveolar  fissure  of  both  flides,  with  slight  protuberanee  of  tlie  inaxinary 
bone;  a  deep  fissure,  which  exteinia  betweeii  the  raargins  of  tlie  \mny  gapa  with 
preservation  of  the  nasal  and  buccal 
mucosa ;  or  a  eomplete  fissure  iuvolv- 
ing  the  miicoiis  meiubraiies  as  well  aa 
tlie  l>one  Biibstaiiop  and  terniinatiug 
at  the  anterior  palatine  forairien  by 
two  lines  converging  in  an  intenial 
posterior  direction  ;  and  with  the  pal- 
atine roof  praeticallv  alway9  divided. 
The  fonvard  protnberance  of  the  in- 
terraaxillary  bone  inerenses  in  pro- 
portion  with  the  depth  o£  the  fisaiires. 
while  the  middle  labial  lolie  propor- 
tionatelv  dirninisli™  in  size. 

Fissnre  of  the  Bony  Falate  (Pal- 
ato-fisBnre) . — (.'left  piilato  mav  octnir  independentl.y  or  in  eoinbination  with  cleft 
lip  (harf-lip).     (Vmgpiiitiil  clcffs  of  tlif  boiiy  palate  are  alwa_v3  associated  with 
a  divide.1  vrIiitm. 

FalfttofiBSore  Not  Complicated  by  Labiofissure.^ — In  the  mildest  cnses  tbe  mal- 
formation  consista  merelj  of  an  anoiualv  of  the  uvula,  but  as  a  nile  the  velum 
is  flpiit  more  or  less  extenBively.  The  hard  palate  ia  alao  apt  to  be  defective, 
having  uauallj  a  triangular  cleft  near  the  posterior  poi^ 
tion  of  the  bony  roof ;  or  it  may  be  split  longitudinallj 
or  altogether  abaent. 

Falatoflisore  Combined  with  Boiiy  LabiofisBnie. — The 
prolongation  of  the  palatine  cleft  bevond  the  anterior 
palatine  foramen  givea  riae  to  common  boiiy  fisaurea. 
The  mild  casea  present  a  large  palatine  gap,  bifurcatetJ 
anteriorlv,  with  a  middle  flap  conaiating  of  bone,  mu- 
COU8  membrane,  and  akin.  Sometimes,  wben  the  arreat 
of  development  is  verj  marked.  the  iipper  lip  ia  repre- 
sented  oniy  by  a  small  maaa  of  soft  parta  attachpd  tu 
the  naaal  septnm. 

Displacement  of  the  Freinaxillary  Bones. — Althongh 
diaplaccnient  of  the  pi"pniaxi]]ar_V  bonee  ia  alvvavs  more 
or  lesa  aaaociated  with  clefts  of  the  palate,  the  pre- 
maxilla  may  occupv  its  normal  position  in  any  forra  of 
3iarelip.  Protiiberaneo  and  defleetion  of  the  premaxilla  are  more  or  leaa  uiarked 
in  CBses  of  unilateral  harelip  vvith  eomplete  eleft  palate.  When  the  protnber- 
»nce  and  deflection  are  very  alight,  the  bone  may  reanme  its  normal  poaition 
Bpontaneonalv  after  the  surgical  repair  of  the  harelip.  The  premaxillary 
procesa  ia  cliicfly  responaible  for  tbe  deformity  aeen  in  caaee  of  eomplete  double 
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harelip  with  complete  cleft  palate.  It  is  attached  by  a  pedicle  of  variable  width 
and  strength  to  the  lower  anterior  end  of  the  nasal  septmn  and  projects  in  front 
of  the  lips,  resulting  in  a  most  distressing  deformity. 

TBEATMENT  OF  HABEUP 

Age  at  Whicli  to  Opcratc— The  best  results  can  undoubtedlj  be  obtained  by 
operating  between  the  ages  of  4  and  6  months.  This  is  especiallv  the  čase  if  the 
labial  cleft  be  exten8ive  or  double  or  complicated.  At  this  age  the  tissues  are 
firm  and  of  a  moderate  size  and  the  stitehes  hold  well.  If  the  deformitj  of  the 
ala  of  the  noše  be  present,  the  correction  of  it  is  much  more  easilj  accomplished 
at  this  time  than  in  the  first  few  weeks  of  life.  Jacobson  gives  the  following 
reasons  f or  not  pref erring  an  operation  before  the  second  month : 

1.  Newbom  children  do  not  stand  operations  well. 

2.  Children  bom  with  this  deformity  are  apt  to  be  weak,  and  niany  die  in 
early  infancv  from  causes  not  related  in  any  way  to  the  deformity.  Opera- 
tions, if  performed  on  these  children,  are  iisually  ascribed  as  the  caiise  of  deatb. 

3.  The  difficulty  of  feeding  a  child  with  harelip,  even  if  complicated  by 
cleft  palate,  has  been  exaggerated.     The  feeding  can  practically  alway8  be  ac- 


complished, with  čare  and  attention ;  and  if  the  niirsing  bottle  has  a  nipple  of3t  *f 
the  proper  shape  with  an  opening  of  good  size  in  the  under  side,  the  child  wilLM'  ^l 
usually  have  little  difficulty  in  obtaining  sufficient  nourishment.  The  positioi 
of  the  child  while  nursing  has  also  much  to  do  with  the  ease  with  which  it 
be  fed. 

On  the  other  hand,  some  surgeons,  especially  the  advocates  of  the  early  clefB"'^"fl 
palate  operation,  maintain  that  the  cleft  in  the  lip  shoiild  be  repaired  as  soon  flg»  m=ms 
possible,  f  or  these  reasons : 

1.     The  child's  nutrition  is  improved.     2.     The  operation  is  very  easy 

with  less  hemorrhage.  3.  If  a  cleft  of  the  palate  be  present,  the  repair  otr^i^oi 
which  is  delayed,  the  early  closure  of  the  lip  has  a  marked  tendency  to  diminisht^ash 
the  width  of  the  cleft  of  the  palate. 

In  any  čase,  the  lip  should  be  operated  upon  before  the  end  of  the  sixtH^^*th 
month,  that  is  to  sav,  before  dentition  occurs.    If  a  cleft  palate  be  present,  upoi 
which  it  has  been  docided  to  operate  later,  there  can  be  no  harm,  as  Jacobsoi 
has  pointed  out,  in  closing  the  lip ;  for  when  the  time  comes  to  do  the 
plastv,  and  the  smallness  of  the  month  interferes  with  the  clear  operative  fiel< 
in  spite  of  the  use  of  siiitable  mouth  gags,  the  lip  can  be  split  and  re-sutui 
when  the  cleft  palate  operation  is  completed. 

Operations:  CiiEiLORRirApnr  ob  Cheiloplastt 

Kumberless  procedures  have  been  devised,  recommended,  and  abandonec/ 
for  the  correction  of  the  f acial  deformitv.  A  method  which  involves  the  cutting 
of  1  or  2  flaps  is  alone  worthy  of  consideration.    Simple  cheilorrhaphj,  or  labial 
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Butiiro  aftor  aiitiple  freehening  witliout  prelimmarv  ciittiag  of  flaps,  is  not  to  be 
reconimeudcd.  AVhen  the  iiiferior  niargin  of  ibo  iiustril  is  iiitact,  tbe  pntire 
operation  consists  in  tlie  ciittiug  of  1  or  more  flapa,  with  the  neceasarv  freshen- 
ing  and  siiliiring.  Iii  eomplete  harelip  with  division  of  the  nostril,  the  Hbera- 
tioD  uf  the  uasal  ala  is  of  great  itnportanea 

Tho  importaiit  stepa  of  ali  opprations  on  either  harelip  or  cleft  palate  con- 
Bist  in:  Firat,  trimniing  the  edgea  of  the  deformitj  and  aevving  together  the 
raw  aurfaees  in  perfeet  appoaition;  aecond,  the  abolition  of  abaohitelj'  alt  ten- 
eion  on  the  suture  line.  If  this  be  not  done,  the  cbances  of  aiiccesa  are  verj 
elight.  In  manj  eaaea  it  is  neceasarj  to  free  the  cheek  from  the  auperior  mas- 
illa  in  order  to  overcome  the  tenaion.    Much  difficulty  ia  uaualiv  encoiintered  in 


proventing  an  nnsight!y  notch  in  the  lip  or  in  the  akin  margin,  and  aeveral 
incisioua  have  beeii  deviaed  for  the  eorrection  of  tbia  defect.  An  iminter- 
rupted  line  should  reeult  from  the  uniou  of  tbe  two  linos  of  mucocutaneoua 
juiictioii  if  the  trimmed  edgea  have  been  properly  abapcd  and  fitted 
togetbcr, 

Foaition. — Doraal,  with  head  slightlj  liexed  on  a  firm  pillow. 

Anesthetic. — For  very  yoiing  childreu,  ehloroform  by  tbe  open  mctbod  is 
preferrcd.     For  children  over  5  veara,  etlier  by  tbe  open  methoil. 

Instruments. — No  spccial  instrumenta  are  reqiiired  for  thia  operation,  but 
ali  tliose  nsed  mnat  be  fine,  ligbt,  and  weU  made.  A  fine,  thin,  and  sharp 
Hcalpci  is  necesaarv.  The  neodlcB  shoiild  be  well  curved  and  amall,  and  the 
needlc-hotder  one  that  really  holds  the  needlea  firmly. 

Operation  for  Simple  Unilateral  Harelip. — It  miiat  be  realizcd  that  every 
patient  ri'«|niring  a  plastic  oporation  prcsi^nts  probtenis  wbicb  hnve  to  bo  worked 
ont  for  tho  individual  easc,  and  tbere  is  no  one  operation  whirh  is  applicable  to 
ali.  The  fotlowing  is,  in  my  experience,  bv  far  tlie  most  satiafaptory  operation, 
and  thn  same  prineipiea  may  alao  bo  applied  to  tbe  repair  of  a  eomplete  uni- 
Interal  cleft,  aa  will  be  shovvn  hiter: 

Applv  Miirphy'3  inteatinal  forceps  (Fig.  51)  on  the  npper  lip,  as  near  the 
anglo  of  the  mouth  aa  possible.    By  using  tbeso,  much  of  the  troublesome  hemor- 
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rhage  which  alway8  occurs  at  the  beginning  of  the  operation  maj  be  easily  con- 
troUed.     Make  sufficient  traction  with  an  ordinarv  anatomical  forceps  on  one 
angle  of  the  spi  it  lip  to  hold  the  edge  of  the  cleft  tense,  and  with  a  very  sharp 
pointed  scalpel,  transfix  the  lip  at  point  A  (Fig.  14),  -and  cut  to  point  B.    It 
is  essential  to  insert  the  scalpel  in  a  direction  at  right  angles  to  the  skin,  and 
at  a  point  just  internal  to  the  junction  of  the  skin  and  the  mucous  membrane, 
thus  insuring  the  cutting  of  a  solid,  thick  flap,  which  must  consist  of  aH  the 
layer8  of  the  lip.    A  similar  incision  is  then  made  from  point  C  to  B,  and  short 
ahnost  horizontal  incisions  from  points  C  to  D  and  from  A  to  E.     Thus  the 
pared  edges  are  removed.    If  the  coronary  arteries  at  this  stage  8how  a  tendencv 
to  bleed,  they  may  be  ligated,  using  the  finest  mosqiiito  clamps  and  the  verv 
finest  catgut  possible.    Any  other  oozing  may  be  disregarded.    The  ilaps  forraed 
by  these  incisions  are  now  drawn  gently  down  (Fig.  14,  B)  and  a  fine  silkworm- 
gut  suture  inserted  so  as  to  proximate  points  A  and  C.     The  suture  should  be         ^ 
placed  aboiit  6  mm.  from  the  cut  edge  and  passed  into  the  tissues  at  right  angles       ^ 
down  to  but  not  through  the  mucous  membrane.    The  stitch  is  now  drawn  taut,       ^ ; 
and  if  no  tension  be  present,  it  is  loosened  and  the  remaining  sutures  inserted,      ^  J 
but  not  tied.     These  may  be  of  very  fine  silkworm-gut,  Pagenstecher  thread^    ^  ^, 
or  horsehair,  and  usually  4  will  be  sufficient.     If,  however,  on  tightening  thfe  ^^^ 
first  stitch,  tension  is  seen  to  be  present,  it  will  then  be  necessary,  in  order  to 
obtain  a  good  result,  to  incise  the  mucous  membrane  on  the  alveolar  border 
high  as  possible ;  and,  by  inserting  a  sharp-edged  periosteal  elevator,  to  lift  theE^^Me 
cheek  and  soft  parts  away  from  the  superior  maxilla.    By  keeping  the  instru- 
ment pressed  firmly  against  the  bone,  the  amount  of  hemorrhage  from  this 
cedure  will  be  small  and  no  damage  will  be  done  to  the  soft  parts.    The  extent" 
to  which  this  lift  ing  must  go  can  only  be  determined  by  the  amount  require(i::^^^^ 
to  absohitelv  abolish  ali  tension  on  the  pared  edges,  when  the  stitches  are  ti 
It  is  far  better  to  lift  too  much  of  the  cheek  than  too  little.     The  sutures  no\^ 
inserted  can  be  ticd,  gi'eat  čare  being  taken  to  get  a  perfect  approximation  o 
the  skin  edges,  to  avoid  tving  the  sutures  too  tight  and  to  see  that  the  point 
where  the  mucous  membrane  of  the  lips  and  the  skin  meet  are  on  exactly  th 
same  lino.     The  projccting  tabs  of  the  vermilion  border  can  now  be  sutu 
It  is  well  to  ha^e  a  slight  downward  projection  of  the  lip  at  the  suture  line, 
that  if  the  labial  scar  contracts,  the  formation  of  a  notch  will  be  preven 
Fine  silk  and  fine  curved  needles  are  best  used  here,  and  2  or  3  sutures  sboul-T  -^^ 
be  inserted  on  the  inner  side  of  the  lip  in  the  vermilion  border.     The  cut  mL0^^^^^' 
cous  membrano  hcals  well  without  sutures,  and  there  seems  to  be  less  infectio^r:^  -*on 
when  thov  aro  not  used  (Fig.  14,  C). 

Sterile  vaselin  is  now  appliod  on  the  extemal  and  internal  wound8  and  irrmr  're- 
quently  no  dressing  at  ali  need  be  used.    If  the  cheek  has  been  raised  and  sou«— ■^^^ 
hemorrhage  stili  persists  from  the  resulting  wound,  or  if,  in  spite  of  aH  camr'  ^^ 
the  stitches  appoar  to  have  some  strain  upon  them,  a  strip  of  sterile  adhesL^F~  iVe 
plastor  niay  bo  cut  into  a  butterflv  shape  and  applied  to  each  cheek,  thus  rehV      er- 
ing  the  tension  in  the  wound.    A  few  layers  of  gauze  may  be  plaoed  over  ^^^^ibe 
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wouiid.     Čare  iniia*  be  taken  that  tlie  cliitd  does  not  get  its  hauda  froe  and  tear 
the  woimd  apart. 

Operation  foT  Siagle  Complete  Haielip  (Fig.   15). — The  sami?  propediire  can 
be  used  in  most  cases  of  single  complete  harelip.     The  incisions  are  prac- 


Fio,  15.— Metkod 


SlNOLE  COBPL.ETE  HaHEUP. 


tically  the  aanic,  bnt  of  courae  extending  \ipward  into  ilie  cleft  nostril.  The 
elevation  and  liberation  of  the  cheek  from  the  siiperior  maxilla  ia  again  the  all- 
iiuportant  step,  and  is  absolutely  eaaential  in  order  to  obtain  a  pood  roanietic  re- 
Bult  and  re('atflblish  tbe  propor  ahape  to  the  nostril.  Tn  an  iipward  direction, 
thifl  freeing  of  tbe  cbeek  may  bave  to  extend  even  as  high  as  the  inferior  orbital 


Pio.  Ifl. — Mbtbop  ow  Pabimo  * 


B  DuUBt.E  HaRBLIF. 


f  foramon.     If  the  nostril  is  inncb  distorted,  tbe  ala  nnist  bo  eonipk'tc!y  loosened. 
>  first  stitcli  should  be  plncod  within  the  nostril  as  hif;b  as  poasible,  naing  & 
B  sharplv  ciirved  necdle  and  fine  chromic  giit,  and  the  aiiture  shonJd  be  tied 
i  just  over-correct  tbe  deformity.     If  tbe  parts  do  not  atay  in 
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apposition  without  tension,  the  cheek  will  have  to  be  stili  further  freed.  The 
remaining  sutures  are  placed  as  in  the  single  incomplete  harelip  operation. 

Operation  for  Double  Harelip  (Fig.  16). — Transfix  the  lip  at  point  A,  cut 
to  B  as  near  the  vermilion  border  as  possible,  and  fo]low  its  outline  even  if 
irregular ;  for  in  this  operation  ali  the  tissue  must  be  saved  that  is  possible  to 
save.  Less  blood  will  be  lost  if  this  incision  be  made  first.  Next  transfix  the 
lip  at  C  and  cut  to  A;  then  make  incision  D  almost  at  right  angles  to  and 
through  the  vermilion  border ;  then  cut  from  E  to  B  and  make  incision  F  in  a 
similar  way.  The  lifting  of  the  cheek,  as  described  above,  will  frequently  be 
required  in  this  operation.  The  guide  stitch  can  now  be  inserted  to  proximate 
the  points  D  and  F  and  drawn  tight,  but  not  tied.  If  the  tension  is  correct, 
the  remaining  sutures  are  inserted  as  shown  in  Figure  16. 

Operation  for  Complicated  Harelip  witli  Projecting  Premaxillary  Procesa. 
— The  premaxillary  bone  may  be  replaced  by  either  a  simple  f  racture  or  by  the 
excision  of  an  area  of  the  nasal  septum. 

1.  SIMPIiE  FRACTURE. — When  the  premaxillary  stem  is  slight  and  the 
child  is  very  young,  provided,  however,  that  the  distance  betvveen  the  extemal 
alveolar  ridges  is  sufficient  to  admit  the  introduction  of  the  premaxillary  bones 
between  them,  it  is  often  possible,  by  direct  pressure  of  the  operator's  thumb 
on  the  projecting  premaxillary  process,  to  produce  a  f  racture  of  its  attachment. 
If  this  is  done,  the  f  racture  must  be  complete  and  must  allow  free  motion  of  the 
bones  and  their  ea8y  replacement  in  their  new  and  proper  positions.  The  use 
of  this  method  is  advised  when  possible,  because  there  is  little  shock,  practically 
no  hemorrhage  and  very  little  chance  of  infection. 

2.  EXCISION  OF  A  WEDGE  OR  (JUADRILATERAL  AREA  FROM  THE  NASAL 

SEPTUM. — Before  making  any  resection  of  the  septum,  Berrv  and  Legg  recom- 
mend  incising  the  lower  free  edge  of  the  septum  just  behind  the  premaxillary 
bone,  and  with  a  periosteal  elevator  removing  the  soft  parts  and  periosteum 
from  the  septum.  The  usual  operation  is  then  to  resect  a  wedge  with  a  strong 
pair  of  scissors.  The  great  objection  to  a  wedge-shaped  incision  is  the  new 
and  backward  position  assumed  by  the  alveolar  border,  causing  the  incisor  teeth 
to  project  in  a  posterior  direction.  To  avoid  this,  a  quadrilateral  section  may 
be  removed,  which  will  allow  the  teeth  to  assume  a  normal  position  (Fig.  17). 

The  following  figures  of  classic  operations  for  the  repair  of  harelip  are  re- 
produced  not  only  for  their  historical  interest,  but  also  for  the  suggestions  they 
may  offer  to  operators  who  have  to  treat  atjpical  or  complicated  cases.  As 
they  readily  explain  themselves,  no  description  is  given  (Figs.  18,  19,  20,  21, 
22). 

After-treatment  and  Complications. — If  the  wound  heals  without  infection, 
firm  union  takes  plače  early ;  and  as  a  general  rule,  the  sooner  the  stitches  are 
removed,  the  less  scar  will  remain  and  the  less  chance  exists  of  a  late  infection 
occurring.  It  is  often  possible  to  remove  every  alternate  snperficial  stitch  as 
early  as  the  second  or  third  day.  The  deeper  or  retention  sutures  should  re- 
main 6  days.    It  is  important  to  properly  restrain  the  child,  not  only  in  regard 
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to  the  hands  and  anns,  but  also  to  prevent  ita  turning  on  its  face  and  rubbing 
the  lip  on  the  pillow. 

It  is  best  to  make  no  change  in  the  diet,  and  as  a  rule,  the  child  can  be 
given  some  liquid  nourishment  within  3  or  4  hours  of  the  operation. 

Complications  and  poor  results  are  ahnost  always  due  to  either  a  weak  con- 
dition  of  the  child  at  the  tirne  of  the  operation,  or  to  sepsis.    Death,  if  it  does 


Fio.  17. — Showinq  Advantaob  of  Rbsbctino  QnADBiLATERAL  Arba  in  Sbptum.     1  and  2,  resec- 
tion  of  wedge,  8howizig  inoisor  teeth  projectiDg  in  a  posterior  direction.     (Doyen.) 


occur,  is  almost  always  due  to  the  low  vitality  of  the  child,  for  it  is  well  known 
that  children  having  congenital  defects  are,  as  a  class,  of  low  vitality. 

Sepsis  is  the  most  frequent  cause  of  failure  or  non-union,  but  it  is  rarely 
severe  enough  to  endanger  the  child's  life,  unless  an  infection  of  the  bone  oc- 
curs — fortunately  a  very  rare  condition.  If  the  wound  has  become  infected 
and  the  operation  on  the  fourth  or  fifth  day  has  the  appearance  of  a  total  fail- 
ure, the  parts  if  properly  drained — that  is  to  sav  the  suturcs  removed  and  a  wet 
dressing  applied — will  in  many  cases  heal  by  granulation  and  the  result  be  sur- 
pri8ingly  good. 

In  aH  operations  involving  the  air  passagcs,  a  not  infrequcnt  compHcation 

18  pneumonia  or  bronchitis.    The  pos8ibility  of  either  of  these  complications  is 

much  diminished  by  taking  čare  during  the  operation  to  prevent  the  entrance 

of  blood  and  mucus  in  the  trachea. 
81 
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An  iimisiiiil  aiiJ  strioiis  complicatioii  is  deacribed  by  Jacobsun,  wliere  death 
is  uuiiaed  by  Hsphyxia.  "TIuib,  wherc  the  cleft  haa  beeii  a  large  oiie  and  the 
itpper  lip  wli(.'U  loatured  ia  tight,  when  iC  ovcrhaufjB  the  lower,  if  the  ntatrila 
are  flatteued  Hiid  partial!y  closed  by  the  operatioii,  owing  to  the  tension  of  the 
parts,  so  little  breatbing  apace  mav  be  left  that  temporarv  interference  with 
respiratioii  iiiav  occur,  with  grave  and  even  fatal  reaitlta,  before  the  breatbing 
can  be  accouiiuodated  to  tbe  altered  circiimstauces  and  before  the  piirts  diiate 
and  stretcb." 

Itoae  snggests,  to  obviate  thia  p033ihility,  that  the  nurse  depreas  the  tongue 
of  tlie  child  from  tirne  to  tirne;  or  paint  a  strip  of  collodion  from  lip  to  chin  to 
hoid  the  lip  open.  In  čase  the  apcrture  is  known  to  the  operator  to  bo  danger- 
oualv  small,  an  intranasal  tube,  siich  as  a  ^od-sized  eatheter,  maj  be  inserted. 
Tliia  allow9  the  child  to  breathe  autoraaticalIy  and  niay  bo  withdrflwn  after 
twenty-foiir  b  011  rs. 

Beinlts.^As  a  general  rule,  tbe  results  of  those  operations  are  gofid,  al- 
thoiigh  freqiieutly  not  ns  perfect  ae  the  operator  and  the  parents  desire.  So 
tnanv  factors  enter  into  tbe  compoaition  nf  the  end  result  that  it  ia  wiae  to  give 
a  fairiv  giiarded  prognoais,  and  before  operating  to  explain  to  the  family  the 
po8sibility  tbat  the  necessity  niay  oecur  for  a  seeond  operation.  However,  if  a 
second  operation  provps  to  be  nece88ary,  it  is  usnallv  of  a  very  siight  and  siinple 
character,  and  ought  alway8  to  be  done  after  a  lapse  of  several  vears. 

TBEATUENT    OF   CI.EFT   FAI.ATE 

Age  at  Wliicli  to  Operate. — The  indications  for  surgieal  inten^ention  in 
ca»cs  of  harelip  and  cicft  palate  are  ineontestable  and  obvioiis;  but  opiniona 
differ  as  to  the  most  favorablc  period  for  the  performauce  of  the  operation. 
From  tho  point  of  view  of  the  opcrative  riska,  atatistica  show  conchisiveiv  that 
opcrationa  on  children  less  than  2  vears  of  age  are  more  dangeroiis  than  opera- 
tiona  after  that  age  in  spite  of  the  brilliant  results  of  certain  opcratora. 

I  strongly  endorse  the  view  hcld  by  .Tacobson  and  Berry,  and  conaider  that 
the  best  results  can  be  ohtained  by  operating  not  earlier  than  the  soeond  or  the 
beginning  of  the  third  year  instead  of  in  early  infancy,  for  the  foilowing  rea- 


1.  The  parta  are  larger,  more  eaaily  mampulated  and  tear  nnieh  leas. 

2.  Hemorrhage  is  more  ea9ily  controlled  and  bettcr  stood  by  the  patient. 

3.  fhildren  congonitally  deformed  are  apt  to  be  weak  and  do  not  stand 
1  operations  wc]l. 

t.     The  after-carc  of  the  piitient  is  casier  and  more  satisfaetory. 
5.     The  liabilitv  to  aiieh  poatopcrative  eomplieations  as  pulmonarv  infec- 
I    tion,  conviilsions,  and  dinrrhea  ia  mininiized. 

K.     It  is  poaaibJe  tu  ele<.'t  a  tiiiic  wh(Mi  the  patient  ia  properIy  prepared  and 
in  good  physi<'al  oondition. 

As  oppoeed  to  thcs«  advuntagca,  •!.  M.  Koherts  {'.i'^)  writes  as  ro]lows: 
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'The  view  that  operations  upon  fissures  of  the  palate  should  be  delayed  until  the 
child  has  become  two,  three  or  four  year8  old  is  erroneous.  It  is  better  to  operate  when 
the  iiifant  is  only  a  few  days  old,  unless  there  be  some  grave  physical  disabilitj.  In 
that  oven  t,  the  opera  tion  may  be  delayed  a  few  weeks,  but  such  delay  is  a  misfortune. 
The  tirne  thus  oecupied  in  building  up  the  infant's  health  may  be  profitably  employed 
in  digital  compression  applied  daily  to  the  two  halves  of  the  upper  jaw.  Squeezing  the 
separated  segments  of  the  hard  palate  together  a  few  dozen  times  every  morning  and 
evening  will  tend  to  lessen  the  breadth  of  the  cleft  and  give  the  surgeon  a  better  oppor- 
tunity  of  obtaining  a  bony  roof  to  the  mouth  by  oi)eration." 

Lane  and  Brophy  advocate  early  operation  on  cleft  palate^  that  is  to  sav 
f rom  the  first  day  af ter  birth  up  to  three  week8,  and  maintain  that : 

1.  The  surgical  shock  is  less  than  when  the  child  is  older  and  there  is  no^ 
mental  apprehension. 

2.  The  anesthetic  is  well  borne. 

3.  The  newborn  child  is  U8ually  healthy. 

4.  The  tissues  heal  very  readily. 
6.     The  digestion  is  good. 

6.  There  is  slight,  if  any,  postoperative  pain^  and  the  child  takes  food  a 
once. 

7.  The  loss  of  blood  is  nece8sarily  slight,  due  to  the  small  size  of  the  bloo^-  ^td 
vessels. 

8.  A  well  vascularized  flap  is  very  easily  obtained. 

9.  The  muscles  of  the  palate  are  at  once  brought  into  use,  and  do  nc^-ot 
atrophy. 

10.  The  passage  of  air  through  the  nares  in  the  proper  channel  has  a 
marked  effect  on  the  growth  and  shape  of  the  bones  of  the  noše  and  face  at  -  a 
period  when  their  greatest  development  takes  plače. 

11.  Xo  fanltv  habits  of  speech  result. 

12.  If  the  Brophy  operation  is  performed,  the  bones  may  be  bent  anrz^cnd 
mouldcd  without  f  racture. 

Opebations 

Fosition  of  the  Fatient. — The  so-called  Rose  position  (Fig.  23)  is  in  mai 
ways  the  most  satisfactory.    The  child  should  be  on  its  back  on  a  hard 
wrapped  snugly  in  the  sheet  to  prevent  the  movement  of  the  hands  and  arni-^ — -^f 
and  a  firm  pillow  placed  underneath  the  shoulders.     The  head  must  be  towacr'^ 
tho  light,  projectiiig  a  few  inches  beyond  the  head  of  the  table  and  allowed  ^^^ 
assume  a  position  of  marked  extension. 

Tbc  advantagcs  of  this  position  are:     1.  A  clear  field  and  direct  illiunin^" 
tion ;  2.  The  blood  lias  no  tcndeucy  to  flow  into  the  trachea,  the  time  taken  io 
sponging  and  preventing  it  from  so  doing  is  saved,  and  the  chances  of  post- 
operative complications  are  thus  reduced;   3.  The  low  position  of  the  head 
tends  to  overcome  anv  untoward  effect  of  the  anesthetic. 

Practically  the  on]y  disadvantages  of  this  position  are  those  resultin^  from 
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the  increaBcd  eongestioD  of  tho  head  and  neck,  and  tlie  freqiient  postoperative 
pain  in  the  back  of  the  neck, 

Anestliesia. — Etber  is  iindoiibtedIy  less  dangerous  thaii  chloroform,  and  is 
therefore  to  be  preferred,  biit  it  shoiild  ahvava  be  adrainistered  bv  a  competent 
aod  experieiieed  aiiestbetist.     Some  En^liab   aiir^reoiia  prefer  chloroform  be- 


ROBE  PijamoN. 


«ause  it  is  more  easilj  administered  than  ether,  and  does  not  eavise  aa  mueb 
.^on^restioD  of  the  tisaiicB  or  produce  as  mucb  miiciis  and  aaiiva;  bnt  its  dia- 
Advaiitages  far  ontvveigh  its  advantagea.  For  the  conveuience  of  the  operattjr 
iUid  to  prevcnt  iinneceaaarj  delala,  an  apparatua  which  administcra  intraiiaaal 
•ancBtheaia  should  be  eniploved.  Keep  tbe  paticnt  onIy  just  under  the  influence 
.]0f  the  anesthetic  and  at  no  tirne  should  he  be  so  profoundly  under  tbat  the 
(pbarirTigcal  reHeses  are  iibaent. 

I  Choice  of  Hethod  of  Operation. — T  conaider  the  operation  of  choice  to  be  the 
Jone  described  liv  Rerrv  and  I-egg,  for  practicall^v  tlie  same  reasona  aa  tboae 
j  alrendy  given  in  favor  of  opcrations  in  the  second  year  inatead  of  in  early 
I  infancv.  The  operation  ia  comparatively  aimple,  anatomicallv  correct  and 
], theorctioal]y  aonnd:  and  bas  fewep  diffinilt  tpphnical  detaila  than  most  otber 
iprncediires  deseribed  beIow.     At  the  same  tim«  it  must  be  borne  in  mind  that 
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anv  opcration  iindurtaVeii  to  r«puir  lAi-h  paiate  is  per  se  one  of  the  most  diffi- 
eiilt  iii  siirgery,  re(|iiiriiig,  as  it  do«B,  foresight  in  planniiig  the  work  to  be  done, 
great  čare  and  pationee  in  its  perforniaiice  aud,  to  obtain  a  good  result,  a  cou- 
aiderable  degrcc  of  snrgical  skill.  The  field  is  sinall  and  frequent1y  iDadeqii8te 
to  work  in,  tlio  parts  to  be  dealt  with  are  small,  delicate,  and  easily  injured 


Fio.  24. — SinTB'B  Clbtt  Paiatb  Gao. 


pemianently,  and  their  linal  readjustment  muet  be  exact.  The  instruments, 
eBpecial1y  the  needles,  the  needle-holder,  and  the  sutures,  must  be  fine  and  deli- 
cate, and  tlierefore  difRcuIt  to  use.  It  is  one  of  the  few  operations  to-day  re- 
quiring  apeeial  instrumente  and  it  would  be  almost  diaastrous  to  attempt  any 
of  theae  operations  withoiit  the  special  instrnments,  which  have  been  deaigned 
to  make  possible  the  aecompliahment  of  the  difFerent  steps. 

Benj  and  Legg's  Operatioa.— The  operation  described  by  Berry  and  Le^  ia 
divided  by  tliem  iiito  5  parta : 

1.  Detachraent  of  the  mucoperiosteal  tissues  of  the  paiate  from  the  oral 
surface  of  the  bony  paiate. 

2.  Detachment  of  the  aoft  paiate  from  the  posterior  edge  of  the  pakte 
bones. 

3.  Paring  the  margins  of  the  cleft. 

4.  Sutiiring  the  pared  edgea, 

5.  Ifakiiig,  if  necessarv,  lateral  incisiona  to  relieve  tenaion. 
The  instrumenta  required  are: 

Smith'B  cleft  paiate  gag  (Fig.  24). 

Long-handled  forcepa,  both  with  and  without  teeth  (Fig.  25). 

Ea8patory  (Fig.  26). 

A  8harp]y  ciir\-ed  bhmt-pointed  scissora  (Fig.  25). 

A  rectangular  knife  (Fig.  25). 


F».  23.— iNlJTUUMtKTa  L 
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Sharp  and  blunt-pointed  knives  (Fig.  25). 
A  rectangular  needle,  for  inserting  sutures  (Fig.  27). 
A  curved  needle,  for  inserting  sutures  (Fig.  27). 
A  needle  with  double  elbow  (Fig.  27). 


Fig.  26. — Berbt  and  Lboo  Raspatobt. 

The  first  stage  is  best  accomplished  by  making  a  small  linear  incision  or  a 
puneture  near  the  alveolar  border  (Fig.  28).  The  situation  of  this  puncture 
depends  on  the  width  of  the  cleft  and  the  height  of  the  arch  of  the  hard  palate. 
If  the  cleft  be  wide  or  the  arch  low,  it  will  be  necessarj  to  make  the  puncture 
very  near  the  alveolar  margin  in  order  to  gain  a  sufficient  mucoperiosteal  flap, 
and  it  will  in  that  čase  be  extemal  to  the  outlet  of  the  posterior  palatine  arterj. 


B 


Fio.  27. — A,  A  Rectangular  Needle,  for  Inserting  Sutures;  B,  a  Curved  Needle  for  Insert- 
ing Sutures;  C,  a  Needle  with  Double  £lbow.     (Beny  and  Legg.) 

Into  this  \vound,  whieh  of  course  should  extend  directlv  down  to  the  bone,  a 
periosteal  elevator  or  raspatory  is  inserted.  The  instrument  is  then  moved 
toward  the  middle  line  with  a  slight  anteroposterior  motion,  maintaining  a  firm 
and  steadj  pressure  against  the  bone  until  the  tip  appears  at  the  margin  of  the 
cleft  through  which  it  should  now  be  pushed.  Into  this  last  wound,  the  point 
of  an  ordinarv  (nirved  aneurvsiu  needle  is  inserted,  and  by  niovinir  it  backward 
as  far  as  it  \vill  go,  and  forward  to  a  line  with  the  anterior  notch  of  the  cleft, 
the  reqiiired  amoimt  of  mucoperiosteal  tissue  is  freed  from  the  hard  palate 
(Fig.  29).  The  same  procedure  takes  plače  on  the  opposite  side.  If  at  any 
time  the  hemorrhage  becomes  troublesome,  it  can  be  arrested  by  direct  pressure 
on  the  under  surface  of  the  flap  by  means  of  a  sponge  or  gauze  held  by  the 
operator's  finger. 

The  small  puncture  wound  made  in  the  edge  of  the  cleft  must  iiow  be  ex- 
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tendtftl  by  meaiis  of  tlie  rectangular  knife  in  a  poaterior  direction  to  the  point 
where  the  junctioD  of  the.bard  and  soft  palate  occurs. 

The  second  step — the  detaehment  of  the  aoft  palate  from  the  poaterior  edge 
of   the   psiate   bone — the   authora 
call   "the   most  importaut  in  the 
wliole  operation,"  hecauae  if  not  //\ 

propcrly    and    completely    aecom-  ii^^-f  ~\  iT\\ 

pliflhed,  the  cloaure  of  the  cleft  of  A  /  \.'  i  \\  iJ- 

the  soft  palate  without  tensiou  is 


Lboo  Opehat;ok  <1).  Situ- 
id  mcthod  oF  psasing 
perioBteal  elevator  or  rBspatory  betveen  mucoperi- 
osteal  Sap  and  suiface  of  hard  palat«. 


This  part  of  the  operation  is 
done  hy  inserting  one  blade  of  a 
pair  of  sliarply  curved  blunt  scia- 
sors  into  tlie  space  bctwecn  the 
lower  surface  of  the  hard  palate 
and  the  mucoperiosteal  flap,  at  the 
point  where  the  junction  of  the 
soft  and  hard  palatea  occurs  (Fig. 
30,  A  and  B).  The  other  blade 
is  introdiiced  over  the  naaal  aur- 
face.  Čare  niust  be  taken  that 
the  length  of  the  cut  be  not  auffi- 
cient  to  injure  the  posterior  pala- 
tine  artery. 

The  tliird  atep — paring  tlie  margina  of  the  cleft — ia  raoat  eaailj  accom- 
pliahed  by  grasping  with  a  fine-toothed  forceps  the  edge  of  the  cleft  at  a  point 
wliere  the  junction  of  the  hard  and  soft  palatea  formerIy  occurred,  A  very 
fine  and  sliarp  scalpel  is  thcn  thniat  through  the  who1e  thickneaa  of  the  soft 
palate  aa  near  its  intenml  edge  as  poeaible,  transfixing  ali  its  layera.  The  in- 
cieion  is  then  made  in  an  anterior  direction  as  far  as  the  iiotch.  The  scalpel 
is  then  withdrawn  and  re-inserted  slightly  posterior  to  tho  forceps  at  the  same 
distance  from  the  free  edge,  and  the  incision  continued  in  a  posterior  direction 
toward  the  uvula.  Aa  soon  as  this  becomes  difficult,  dne  to  the  imateadineas  of 
the  tisaiies,  the  scalpel  ia  again  withdrawn,  aiul  the  bridge  of  tissue,  left  within 
the  grasp  of  the  forcepa,  is  divided.  Tben,  by  inaking  traction  in  an  inwar(i 
and  backward  direction  on  the  edge  that  has  already  been  removed,  the  re- 
maining  edge  can  bo  easily  part^d  off. 

The  fourth  step  ia  the  aiituring  of  the  pared  edgcs.  IJerry  and  J-egg  con- 
sider  the  bcst  stiturc  material  to  be  ailkworm-giit,  and  recommcnd  the  uae  of 
the  BO-called  Smith  needle  (Fig.  27).  The  pared  edge  is  now  grasped  at  a 
point  ncar  the  anterior  part  of  the  soft  palate  and  there  the  iirst  suture  is 
inserted.  The  needle  should  be  paased  in  at  a  pnint  from  3  to  5  cm.  from  the 
cut  edgo,  and  in  a  direction  through  the  tissnes  slightlv  oiitward.  Aa  it  is  passed 
back  into  the  mouth  from  the  nasal  aurface,  the  needle  should  point  inward,  the 
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object  of  tliis  being  to  increase  the  tendeacj  of  the  cut  edge  to  evert  wlien  the 
suturea  are  tied,  whicli  is  very  important.  The  next  Butnre,  passed  in  a  suni- 
lar  tnanner,  sbould  be  about  5  or  6  cm, 
from  the  first,  the  same  dietance  from 
the  edge  and  in  a  posterior  direction. 
When  the  tip  of  the  iivula  ia  reached, 
in  order  not  to  interfere  with  its  circu- 
lation,  the  last  suture  must  he  made  in 
a  tranaverse  direction.  As  these  su- 
turea are  passed,  they  may  be  tied, 
much  čare  being  taken  not  to  endanger 
the  vitaUtj  of  the  flapa  by  too  great 
tenaion.  The  accurate  approximation 
of  the  edgea  and  the  avoidance  of  any 
invereion  whatever  is  ahaolutely  essen- 
tial.  The  help  of  an  assiatant  with  deli- 
cate  tenacula  Diay  be  neceaBary  at  thia 
point  to  accompUsb  thia  end.  The  au- 
ture  of  tlie  tiesue  over  the  hard  palate 
now  takea  plače  from  bebind  forward. 
If  it  appears  that  the  tenaion  ia  becom- 


Fio.  29.~Bbbiit    : 
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edge   of   clelt.     Dotted   area   indicate«   the      thia   poiflt  tO   perfomi   Step  No.    5.      If 
eiteot   to   Hhich   raucoperiosteuni    is  UTted       .1  ■      •  ■  j.i_  ■!_  »    _     -  _ 

(rom  the  bone.  tl^is  13  not  the  caae,  the  suture  is  eom- 

pleted  (Fig.  31). 

If  difficiihy  ia  enconntered  in  iising  the  Smith  needle,  the  2-loop  method  of 
paseing  sutiircs,  as  dcBcribed  in  Brophy'8  operation,  may  he  successfullj  re- 
sorted  to.  Berry  and  Legg  alao  advise  the  iise  of  a  tension  auture  of  alightlv 
heavier  material,  paaaed  at  a  point  in  the  soft  palate  near  ita  most  anterior 
edge,  throiigh  ali  ita  lajers  about  15  ram.  from  the  internal  edge  and  tied  just 
tight  enough  to  rcHevo  tension. 

The  fiftb  step  provides  for  the  inaking,  if  neceaaarj,  of  lateral  incisiona  to 
relieve  tension.  In  most  caaea  it  will  be  noticed  at  thia  atage  that  a  certain 
degree  of  tension  exist3  in  the  suture  line,  and  unleaa  thia  be  relieved,  the 
chances  of  failure  of  the  oporation  are  much  increased.  The  beet  incision  to 
relieve  tension  in  most  cases  ia  one  "bcfrinning  a  little  in  front  of  the  juuction 
of  the  liard  and  soft  palatea  near  the  alveohia,  but  internal  to  the  posterior 
palatine  foramen;  it  shoiild  oxtcnd  ohliqnel_v  backward  to  a  point  nearly  half- 
wa,v  between  tlic  posterior  end  of  the  alveohis  and  the  posterior  roargin  of  the 
soft  palate.  The  inciaions  may  be  straight  or  with  a  alight  curve,  the  concavity 
of  which  is  out\vard." 

Čare  miist  be  taken  not  to  make  theae  inciaions  too  long,  or  too  far  anterior, 
or  too  near  the  middie  line — ^for  each  one  of  these  errora  haa  a  t6ndency  to 
lessen  the  vitality  of  the  flap. 
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Langeiibeck'B  Hethod  of  Uranoplastjr  aa  Kodified  b7  Helbii^. — Thia  proce- 
dure presents  but  few  changes  from  the  original,  but  theae  changes  are  impor — 
tant  and  h&ve  markedl.v  improved  the  reaiilts.    The  operation  consista  of  4  Bteps^^ 

1.  Paring  the  margiiis  of  the  cleft. 

2.  Lateral  incision  throiigh  the  involuerum  palati  duri. 

3.  l^etachnient  of  the  miieoporiosteal  fiap  from  the  hard  palate. 

4.  Su  tur  ing. 

The  majoritv  of  surgeons  perform  the  entire  operation  in  1  stage.  Helbing  ^, 
however,  prefers  to  foI]ow  Wolffa  modification  of  2  stages,  with  an  interval  otr  ^ 
from  2  to  5  days.  If  this  be  done,  th^  ,Me 
lateral  incisiona  and  detachment  of  th»  .^e 
llaps  (stepa  2  and  3)  are  done  at  th'  .^ne 
firet  operation;  while  paring  the  ma^cr  .r- 
gina  of  the  cleft  and  suturing  (steps  1 

and  4)  are  left  to  the  second  operation^cr  n. 

Wolff  dividea  the  operation  into  3. 

stages  for  very  small  children,  makin—^Hip 
the  2  flapa  at  separate  operations  aicr^nd 
paring  the  edgea  and  euturing  at  a  thi^cr  _rd 
operation,  which  takes  plače  9  da^_^y9 
after  the  first. 

The  advantagea  of  performing  t~.;^Khe 
operation  m  2  atages  are : 

1.  The  more  radical  pbase  of  L>  the 
operation,  the  lateral  inciaions  and  1M~  the 
detachmCDt  of  the  flaps,  us«ally  accacz^wra- 
panied  bj  losa  of  blood,  takes  plače  -^s  at 
the  first  operation ;  it  is,  therefore,  r  not 
only  leas  dangerous,  but  allow3  the  cImt  Jiild 
tirne  to  reeiiporate  before  the  auturing  takes  plače. 

2.  As  soon  as  the  effecta  of  the  aneatheaia  have  passed  off,  the  child  ^  can 
be  nourished  as  usual.  This  factor  is  of  eonaiderahle  importance  for  the  ^^sl(^ 
(iess  of  the  auture,  as  ia  also  the  fact  that  the  child  haa  time  to  recover  from  'he 
rise  of  temperature  (38°  C.)  which  U3iially  followa  the  first  operation. 

3.  The  circnlation  and  nutrition  of  the  flapa  become  ref-atablishod  he^^^ore 
auturing.     By  this  nicana  the  small,  circumacribed  patcbes  of  necroaia  whr"^ii^ 

usually  occur  along  tlie  cieft  margins  are  avoided  and  in  consequence  the  siiti "^ 

hold  better.     Should  there  be,  however,  any  necrotic  patches,  they  can  be         ^ 
moved  at  the  aecond  operation. 

4.  The  flapa  become  thickencd  and  more  vascular  after  a  fev  days,  -»id 
thus  accelerate  the  healing  by  enlargement  of  the  raw  aurface. 

5.  The  hcinorrhagc  at  the  second  operation  ia  very  slight  and  the  sutu*"'"^ 
can  be  done  with  ip-eater  exactness,  as  the  view  of  the  field  is  not  obstnicted- 

6.  The  gaping  of  tlie  lateral  inciaiou,  which  aome  surgeons  endeavor  to  j 
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remedv  by  packing,  is  avoided  except  in  cases  of  very  wide  clefts.  When  the 
flaps  bave  been  previously  loosened  they  become  adherent  again  in  a  better  posi- 
tion,  and  are  only  detached  from  the  subjacent  structures  along  the  line  of 
suture  at  the  second  operation,  when  the  sutures  are  in  plače.  It  is  only  in 
very  wide  clefts  that  it  is  neces8ary  to  det&ch  the  flaps  by  means  of  elevators 
when  the  sutures  are  tied.  In  ordinary  cases  the  tension  of  the  sutures  is  suffi- 
cicnt  to  plače  the  flaps  in  position  without  completely  detaching  them  from 
the  underlying  structures,  and  to  avoid  the  gaping  of  the  lateral  incision.  The 
danger  of  a  fistula  is  thus  greatly  diminished. 

It  may  be  argued  that  2  operations  are  unnecessary,  and  that  danger  of 
infection  is  thereby  increased.  The  advantages  of  2  stages,  however,  far  out- 
weigh  the  extra  tirne  and  trouble.  Helbing  states  that  he  bas  followed  this 
method  in  over  100  cases  without  infection  in  a  single  one. 

STEP  2. — The  lateral  incision  through  the  involucrum  palati  duri. — A  per- 
pendicular  incision  is  made  with  a  pointed  scalpel  close  to  the  alveolar  process 
at  the  right  side,  passing  down  to  the  bone.  The  length  of  the  incision  depends 
of  course  upon  the  size  of  the  cleft.  Bleeding  is  checked  by  pressing  the  left 
forefinger  against  the  bone  along  the  incision. 

In  cases  of  unilateral  cleft  through  the  alveolar  process,  the  incision  ex- 
tends  over  the  alveolar  process  between  2  teeth.  The  incision  is  carried  from 
behind  over  the  alveolar  process  and  ends  in  an  inward  curve  in  the  buccal 
mucous  membrane.  The  latter  portion  of  the  incision  is  superficial,  so  as  not 
to  in  j  ure  the  palatal  muscles.  This  long  incision,  confined  to  the  oral  mucosa 
of  the  velum,  bas  two  advantages,  the  increased  mobility  of  the  velum,  and  the 
preservation  of  the  margin  between  the  hard  and  soft  palates,  which  materially 
lessen  the  danger  of  fistula  at  this  plače.  Helbing  bas  never  found  that  it 
makes  any  difference  if  the  palatine  artery  be  injured,  and  whenever  that  acci- 
dent  bas  occurred,  he  bas  never  allowed  it  to  interfere  with  the  proper  detach- 
ment  of  the  flaps. 

STEP  3. — The  mucoperiosteal  flap  is  then  raised  from  the  subjacent  tissue, 
with  much  čare,  as  described  in  Berry  and  Legg^s  operation. 

The  soft  palate  is  then  separated  from  the  horizontal  portion  of  the  palate 
bone  at  the  margin  of  the  cleft,  but  laterally  it  is  left  attached  to  the  bone. 
The  2  halves  of  the  soft  palate  are  next  approximated  by  blunt  dissection  be- 
tween  the  2  flaps  of  mucous  membrane.  It  is  of  importance  that  the  muco- 
periosteal flaps  be  8ufficiently  detached  to  allow  apposition  of  their  mucous  sur- 
faces.  It  is  essential  that  oach  flap  be  loose  enough  to  extend  to  the  middle 
of  the  cleft  of  the  other  side  without  tension. 

Wlien  this  procedure  ia  completed  on  the  right  side,  the  left  side  is  at- 
tacked. 

Treatment  in  the  interval  does  not  differ  from  that  of  otlier  patients — after 
12  hours,  liqnid  and  soft  diet  until  the  third  or  fourth  day,  when  general  diet 
is  given.  Small  children  have  usually  a  sliglit  rise  of  temperature  (38°  C.) 
during  the  first  2  days. 
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STEP  1. — The  pariiig  of  the  edges. — The  seeond  operation  takes  plače  on 
the  fifth  day.  To  insiire  a  full  view  of  tho  operative  field  a  silk  thread  is  passed 
through  the  tip  of  the  tongiie  so  that  it  cau  be  drawn  well  forward  before  in- 
serting  the  speculum.  The  lateral  incisious  and  the  cleft  margins  are  painted 
with  dihite  tincture  of  iodin. 

The  right  uvula  is  grasped  with  a  pair  of  long  fine  forceps  and  a  double- 
bladed  slightlj  concave  scalpel  is  inserted  about  1  cm.  from  the  tip  of  the 
uvula  and  2  mm.  from  the  cleft  margin.  The  scalpel  is  guided  obliquely  down- 
ward  and  inward  with  a  sawing  motion,  cutting  a  strip  1  to  2  nmi.  wide  from 
the  cleft  margin. 

STEP  4. — The  suturing  of  the  cleft  margins. — The  first  suture  is  laid  at 
the  tip  of  the  uvula  and  Helbing  is  very  particular  to  have  the  two  freshened 
ends  held  at  an  equal  distance  from  the  median  line.  He  ušes  horsehair  and 
silk  alternatelj,  No.  O  or  1  silk  for  the  velum,  and  No.  1  or  2  silk  for  the 
hard  palate.  The  sutures  are  laid  at  a  distance  of  2  to  3  mm.  on  the  soft 
palate,  and  3  to  4  mm.  on  the  hard  palate.  The  sutures  are  altematelv  deep 
and  superficial.  In  the  posterior  IV2  cm.  of  the  uvula,  the  oral  mucosa  only  is 
penetrated.  In  the  anterior  portion,  both  mucous  membranes  are  caught  in  the 
suture. 

It  is  not  practicable  to  tie  each  suture,  because  it  would  be  difficult  to  in- 
sert  the  next  suture  with  accuracy.  Here  Helbing^s  suture-holder  is  a  great  con- 
venience.  It  is  made  of  metal  and  is  1  cm.  wide  and  17  cm.  long.  Through 
each  side  are  inserted  13  loops  of  steel  wire  between  which  each  pair  of  sutures 
may  be  clasped  until  they  are  tied — the  first  pair  in  the  first  right  interspace, 
the  second  pair  in  the  first  left  interspace. 

In  tving  horsehair  sutures  a  certain  amount  of  dexterity  is  necessary,  as 
they  are  apt  to  break,  especiallv  in  tying  the  second  knot.  Horsehair  is,  never- 
theless,  superior  to  silk  for  the  following  reasons:  1.  One  is  not  so  apt  to 
puli  it  too  tight.  2.  It  does  not  imravel  like  silk,  and  therefore  does  not  become 
saturated  with  food  particles. 

For  the  uvula  a  crescent-shaped  needle  6  mm.  across  is  best,  and  a  needle- 
holder  with  a  long  handle.  A  Hagedom  needle  is  used  for  the  other  sutures. 
According  to  the  size  of  the  cleft,  from  2  to  4  retention  sutures  of  silver  wire 
are  placed  at  a  distance  of  10  to  12  mm.  from  each  other.  These  are  deeper 
than  the  other  sutures  and  are  added  for  the  purpose  of  reinforcing  the  silk  and 
horsehair  during  coughing,  sneezing,  and  vomiting.  The  posterior  silver  suture 
is  placed  in  the  soft  palate.  None  of  the  silver  sutures  should  be  closed  until 
the  other  sutures  are  tied. 

The  silk  sutures  are  removed  on  the  eighth  day,  the  horsehair  on  the  ninth, 
the  silver  wire  on  the  tenth.  In  children  under  4  years  of  age,  ali  sutures  are 
removed  under  anesthesia  on  the  ninth  day. 

Brophy's  Operation  for  Patients  whose  Decidnons  Teeth  Are  Well  Empted  and 
Whose  Bones  Are  Well  Ossified. — 1.  Dcnude  the  hard  palate  on  its  inferior  sur- 
face,  of  its  eovering  of  mucous  membrane  and  periosteum,  by  inserting  a  special 


Fio.  32,— Bropbt    o  i 
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curved  periosteatome  in  the  edge  of  the  cleft  at  a  point  aboiit  lialf  way  be- 
tvveen  the  nob^li  and  the  juncture  of  the  hard  aad  soft  palates.  l'are  must  be 
takeu  to  presa  firmij  upon  the  bone  while  this  is  being  done,  in  order  to  insure 
the  complete  removal  of  the  periosteum  with  the  flap.  The  denuded  area  must 
extend  anteriorly  as  far  as  the  notcb,  or  if  the  cleft  be  complete,  it  must  ex- 
tend  along  the  alveolar  border  aa  far  forward  as  the  teetb,  Laterally  it  should 
exteud  to  the  edge  of  the  alveolar  margin  and  postenor1y  to  the  point  of  union 


Fia.  34.— Bhopht  Opbration  (3). 
mucoperiuateal  flap  and  hard  p^ 
tbesuperior  maiillte;  B,  silverte 


Tranaverse  section  »[  Bupsrior  muiilla,  ahoiviag  relative  poaition  ol 
»te.    A,  MucoperioBteum  diasecled  away  trom  the  palatal  surfoce  o( 
.»Ktiiinu.  n  nn.t.i..i;n,.=.....T^B;  D^  D,  leadpUtes.      (Brophy.) 


a;  C,  coaptation  t 


botween  the  hard  and  soft  palates.     Hemorrliage,  if  troiiblesome,  can  be  con- 
trolled  at  this  stage  by  simple  pressure. 

2.  Paring  the  edgea  of  the  cleft  throughoiit  may  be  done  in  the  same  man- 
ner  as  described  under  operation  of  Berry  and  Legg  (page  473). 

3.  Separation  of  the  soft  from  the  hard  palate  {Fig.  30). 

4.  For  anturing,  the  autbor  ušes  a  Deschamp  needie  by  means  of  which 
4  strong  ailk  sutnres  are  passed  througb  the  flap  in  pairs,  about  ^o  in.  apart, 
and  inscrted  Y2  iii-  from  the  cnt  edge.  The  first  pair  is  placed  ncar  the 
anterior  part  of  the  cleft  and  the  second  pair  near  the  Junction  of  the  hard 
and  soft  palates.  By  means  of  these  silk  suturea,  4  pieccs  of  No.  22  silver  wire 
are  drawn  throiigh  the  tissucs  and  lead  platea  (No.  22  American  gange,  shaped 
as  in  Fig.  32)  are  perforatcd  to  correspond  to  the  position  of  the  wire.  Thcse 
are  then  threadod  throiigh  the  platea  and  tvvisted  tofretlier  aa  aho«Ti  in  Figiire 
32.  Internipted  sntnres  are  then  placed  in  snffipieiit  niunbers  to  get  esact 
approsimation  of  the  edges.  More  twiat8  are  then  takcn  in  the  silver  wires 
until  tension  on  the  interrupted  sutures  is  absolutelj  relicved  (Figa,  33,  34). 
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The  advantages  claimed  for  thic  operation  are: 

"The  prevention  of  the  cutting  out  of  tbe  suturee,  since  the  lead  plstea  coming  io 
contact  with  the  soft  palate  exert  pressure  thereon,  and  consequently  the  tension  is  not 
made  b;  the  suturee  alone,  which  exert  presaure  on  so  limited  a  portion  of  the  tissue, 
but  it  is  upon  the  entire  lea^h  of  the  palate  covered  by  the  lead  plates. 

"Tbe  lead  plates  serve  as  a  splint,  rendering  the  palate  inflexible  to  a  verf  great 
oxt«nt.  Tbe  movements  which  are  almost  constant  are  suepended;  the  active  muscles 
are  put  out  of  use  until  unioii  of  tbe  cleft  inay  take  plače.  After  UBing  this  method  of 
i-Iosing  tbe  soft  palate,  I  feel  confident  that  better  resulta  can  be  secured  than  by  the 
emplojinent  of  BUtures  alonc.  Aa  previously  stated,  this  is  not  to  take  the  plače  of 
tbe  operation  of  dividing  the  bonea  at  the  malar  process,  and  canying  the  greater  por- 
tion of  tbe  niasillar7  bones  together,  but  it  is  adapted  to  tbe  treatment  of  patients 
whose  bones  are  well  ossified  and  who8e  deciduous  teeth  are  well  erupted.  It  is  in  aucb 
cases  that  I  recommend  tbis  operation." 


The  DaTieB-Colley  Operetion  (1)  (Fig.  35). — Make  ciirved  incision  AB 
through  mucous  membrane  and  periosteum  down  to  the  bone  on  the  narrov  aide 
of  the  cleft.  Point  A  must  be  at  the 
posterior  limit  of  the  hard  palate,  at 
least  .4  cm.  (1^  in.)  from  tbe  free  bor- 
der  of  the  cleft,  and  point  B  should  be 
opposite  the  notcb  the  same  distance 
from  the  border  of  the  cleft.  Kaise  flap 
formed  from  this  incision  from  bone 
with  periosteal  elevator,  eare  being 
taken  to  incliide  aH  the  soft  parts,  leav- 
ing  tissiie  between  points  A  and  B  to 
aet  later  ae  a  binge. 

Then  make  inciaion  CDE  on  the 
wider  side  of  the  cleft  down  to  bone. 
Incision  CD  should  be  .3  cm.  (Vž  i°-) 
external  to  free  edge  of  cleft.  Now 
raise  flap  with  periosteal  elevator,  great 
čare  being  taken  not  to  damage  the  tia- 
Biie  lying  between  the  points  C  and  E. 

Tbe  next  step  is  to  tum  the  flap 
formed  bv  incision  AB  downward  and 

inward,  and  make  fast  its  free  edge  with  2  fine  catgiit  autii« 
margin  of  the  cleft. 

Tbe  last  step  is  to  slide  the  apex  of  the  second  flap  across  tlio  raw  siirface  of 
the  first  flap,  and  fasten  as  ia  sliown  in  ITigiiro  -Jfi.  If  tliis  liist  flap  appoars  to 
lie  somewhat  loo.sely  in  its  ncw  position,  tliis  nccd  caiis«-  iici  iipprclioiision  be-. 
cause  tln'  pressiire  of  the  tongiic  will  forci^  it  tip\v;ird  iiiid  tlins  ciiaMe  the  2 
raw  Burfaces  to  iidhere. 

The  advantages  cluiniod  for  tliis  opcrjilioii  ar«': 


i  to  tlie  opposite 
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"(1)  Tbere  is  less  hemorrhage;  (2)  lesa  bruising  of  the  parts;  (3)  lesa  sacrifice 
of  tiasue;  (4)  less  tensioii  upon  the  flaps;  and  (5)  the  opcration  can  be  easi1y  per- 
fortned  at  an  earlj  age,  e.  g.  between  the  ages  of  one  and  two  jears. 

"The  disadvantages  are:  (1)  The  hard  patate  alone  is  united;  (2)  a  foromea.  is 
apt  to  be  left  in  the  front  part  of  the  eleft.     (Thie  can  be  closed  later.)" 

Broph7'B  Osteoplaitic  Operation. — This  procedure  is  suitable  onIy  in  infanta 
leae  than  half  a  year  old,  becaiise  after  that  age  the  bones  become  too  much 
ossilied  and  Imrdened.  Tt  mav  be  neces- 
sarv,  evoii  in  tlie  voiinpcst  chiJdren,  to 
divide  the  maxillary  bone  near  it* 
inninr  jiiiiption  liefore  the  gap  can  be 
BiicceHsfuIl^  bridfrcd. 

The  operation  can  be  divided  into 
the  follovving  stepa: 

1.  Pare  thoroiighly  and  completelv 
the  wliole  free  edge  of  the  cleft  to  such 
aii  extent  that  a  sinall  portion  of  the 
Imnes  of  the  hard  palate  and  alveolar 
lH>rder  sliall  be  excised.  Hv  ao  doing, 
it  is  possible  to  get  real  bony  uninn, 
which  cannot  be  obtaiaed  by  simplv 
removing  a  strip  of  mncous  membrane, 
without  freshening  the  bone. 

2.  Raise  the  cheek  and,  at  a  polnt 
on  the  buccal  siirface  of  the  superior 
maxit1a,  jiist  back  of  the  malar  proceas, 

ind  liigh  eiioiigli  to  insure  its  beiiig  above 
farrving  a  lonp  of  nilk  directlv  through 
the  superior  niuxillH.  When  tiie  piiint  of  the  needlc  can  be  eeen  to  appear  in 
the  moiitli,  tlirough  tlie  cleft,  tlie  silk  is  grasped  with  an  arterv  ciamp  and  the 
needle  witlidrawu.  At  u  ainiilar  pnint  iin  tlie  opposite  aide  a  second  needle  is 
passed  and  the  loop  grasptnl.  Thits  2  loopa  are  now  to  be  fouiid  in  the  nioutli. 
By  dravving  one  loop  tlirough  the  other  and  making  traction  (see  Fig.  It")  a 
doiible  throiigh-andtliroiigli  sutiire  of  silk  is  left.  To  the  external  end  of  the 
silk  thread  a  silver  wire  No.  20  bent  on  itself  is  tlien  fastened,  and  by  a  reverse 
traction,  is  made  to  pass  throngh  both  punctnres  in  the  superior  masilla.  A 
like  procedure  is  thcn  repeated  at  a  point  anterior  to  the  nialar  proceas.  the 
same  diatnnce  above  the  inferior  edge  of  the  alveolar  border. 

3.  Lead  platea  1.3  cm.  (!/>  in.)  wide  of  about  No.  17  American  gauge 
should  be  in  roadincss.  Theae  are  now  cnt  ofF  aufficientlv  long  to  aIlow  a  projee- 
tion  of  at  Icnst  •l/.l  cm.  f/i  m.)  bevond  each  through-and-throngh  suture. 
Thesc  phites  iire  then  nioulded  to  tho  extprnul  or  buccal  snrface  of  the  superior 
nuixilla  und  perforated  at  the  propcr  places  to  allow  the  pnssagc  of  the  silver 
wire  autures,  which  are  theu  twisted  together — one  pair  on  each  side  (Fia;.  38). 


near  the  extreinity  of  the  hard  palute  a 
the  palate  bone,  inaert  a  atrong  needle. 
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4S:{ 


i.  T^oruilil«  iipproxiniatioii  of  tlic  bonos  of  tho  siiperior  iiiaxilla  caii  be 
accomplishcd  bv  increasing  the  tension  on  the  wire  Butiires,  by  twistiiig  the 
cnds  togcthor  \vith  an  artery  ciamp  or  small  pliera,  and  aiding  by  strong  digital 
compression  of  the  bones  (Fig.  30),     In  manv  caacs  perfect  flpproximation  of 


=M-\^ 


Fio.  37. — "Tw(>-Loor  Metboo"  or  Pasbihu  Silver  Wire  TanuuoB  Sufebior  Makill*. 


the  cut  cdges  of  the  cleft  in  the  palate  can  be  accoinplished  hy  this  means  witb- 
out  an^  f  irther  surgical  procedure  If  however  the  cleft  be  very  wide  or  the 
bones  1 1  s  all^  oss  fied  so  that  union  cannot  be  accomplished  in  tb  s  way,  it 
niay  be  ncceesar    to  div  de  the  malar  procesa.     A  ^ery  small  incis  on  ib  made 


bigh  in  tho  rheek  throtigb  tbo  bnccal 
prooesB.  A  scalpol  in  thon  pae^od  dL<o]>] 
tion,  and  tho  nialar  proccM  kihI  •Jf'!'  y 
vonnd  in  the  iniirous  luiaiilffm^K'^^^!^*'*' 


<;  B,  lead  plato«;  C.  taoth:  D,  ( 


tnmilirano,  jiii^t  below  the  malar 
I  tI)i  ii->siii'  in  ii  hori/ontai  direo- 
itliout  allowit)g  the 
than  is  iibioliitely  a 
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aarv-  Tliia  cbu  easilv  bc  duiic  witli  luiv  ordniarv  aliarp  aculpel.  It  win  now 
be  fouud  that  hy  incroasiiiij  tlu'  ttuaioii  ou  tlie  ailver  wirc,  the  cdges  of  the  cleft 
come  readiiv  tojtctlier. 

5.  Siitiiru  of  thf  iinu-uiid  iiivmbraiio  in  tlio  iiionth  bv  ititernipted  suture 
iimurea  eversioii  of  tli«  cdj;«  and  p*Tfect  appn>xiiiiatioii.  Fiue  si1kworm  or 
Lorrfchair  niav  bo  ustni  for  tliis  purpose. 

It  bas  beeii  adv(H'atcd  by  some  that  tbe  firat  step,  tbat  is  to  saj'  the  paring 
of  tbe  edges  of  the  cleft,  be  delaved  iintil  the  wire  sutures  are  inaerted  and  the 


iTic  Opbbation  (2)  A  8ilver»iiD  B  Icnd  plaC«  C  tooth;  D,  clefl; 
1  um  f  irraiDg  eKtended  wall  of  ihc  tnoncular  apace  b\  forcing  the  loner  tra«- 
innard.  F,  F.  Iincs  of  fracture.  G,  G.  tnaiigular  apace  on  naaal  surface  ot  bone 
ition  of  Ihe  puluUl  procCBa.     (Brophj'.) 


lead  plates  atfixcd.  Thia  would  aeeiii  to  have  some  advantajres,  cspeciallv  in 
preventing  the  amount  of  blood  losa  and  in  makin^  it  possible  to  do  a!l  the 
work  in  the  mouth  at  one  tirne,  with  the  ehild  iti  the  Roae  poaition, 

Brophy  reconimends  tbat  the  lead  p)ates  be  Icft  in  plače  for  from  2  to  4 
week3.    The  aiiturea  in  the  palate  raav  be  renioved  in  from  7  to  10  days. 

The  objcctiona  which  have  been  niade  to  thia  operation  are:  1.  Tbe  danger 
from  sbock  and  tlic  severitv  of  tlio  operation;  2.  Tbe  extrcnie  probability  of 
aepais;  3.  Injurv  to  tbe  biids  of  tbe  non-eriip(cd  tectb ;  4.  Narrowing  of  tbn 
superior  niaxilla,  with  reaiilting  dispriiportion  betwecn  tbe  sizes  of  the  auperior 
and  inferior  alveolar  hordera;  5.  The  poasibilitv  of  prodiicing  an  obatniction 
of  the  narea  and  intcrfcrinH  witb  proper  brcatbinfr. 

Eropbv  estimatea  the  mnrtalitv  to  be  about  'i  per  cent.     lie  doea  not  con- 
sider  tbe  sbock  resnltins  from  tbis  operation  preater  tban  from  any  other,  and 
maintaina  that  verv  voiing  cbildren  bear  ao-called  anrirical  sbock  very  well. 
to  the  foiirtb  and  fifth  objections.  hc  savs;     '"Tbe  palatal  arch  is  in  SOF 
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contracted,  but  this  will  not  be  permanent,  for  if  the  operation  ia  perfonued 
.^arli?  enough,  wheu  development  is  complete,  the  teeth  of  the  upper  jaw  oc- 
clude  naturallj  with  tliose  of  the  ]ower  jaw.  It  in  a  weli  known  fact  that  the 
^Ivcolar  processes  develop  with  the  teeth,  and  this  seema  to  be  a  pronouuced 
f  actor  in  the  lorniatioti  of  the  Jhw  and  the  gitiding  of  the  teetb  into  their  proper 
jiosition."  And  he  also  savs:  "Tbrougb  a  misconception  of  thiB  snrgieal  pro- 
t-edure,  it  bas  been  atated  that  tbe  closing  of  the  palatal  vaiilt,  carrjing  of  the 
"bones  togetber  and  uniting  tbctn  in  the  median  line  woiild  be  followod  by 
stenoais.  If  one  kecps  in  niind  tlie  anatnniv  of  the  parts,  and  then  iinderstands 
the  detaile  of  the  operation,  he  wiil  readilj  see  that  the  closnre  of  the  uaaal 
j^asaage,  or  even  redncing  its  diniensions,  wonld  be  inipossible," 

The  aflcr-lrealmpnt.  according  to  the  same  aiithor,  "is  very  simple.  consist- 

i  ng  8olely  nf  antiseplie  eloansing  of  »ose  anii  moiith,  at  least  twice  a  day :  stimu- 

lantti,  if  iiidicated,  the  first  twpntv-four  Iioura;  prcvpnting  tbe  child  from  dia- 

"turbing  the  parts  or  introdiicing  into  the  moiitb  an>thing  tbat  raight  intorfere 

itli  the  sntures ;  paving  apecial  attention  to  the  čare  of  the  bowe]8 ;  using  alco- 

Jhol  sponpe  batbs  if  tbe  temperature  mea  abovo  100  degrees  F.  and  noiiriabing 

.be  patient  on  iiqiiid  food  given  bv  meane  of  a  spoou.     The  nipple  aboiiid  not 

i%iG  used.  as  the  act  of  siickling  may  interfere  with  tbe  process  of  repair.     Abra- 

lions  of  the  miieoiis  membrane  caused  by  the  letid  plates  need  not  disturb  the 

operator,  for  they  aro  nsiiallv  sHght.     The  plates  are  to  be  left  in  plače  from 

■two  to  four  week8,  but  the  silk  eiitures,  if  omplo.vcd,  shoiild  be  removed  about 

one  wi'ek  nfter  the  operation." 

LBne'a  Operation  (li).^ — ^This  \a  nn  adaptution  of  the  Daviefl-Colley  method. 
The  operation  is  verv  ingenioua  and  very  ditfieult.     Great  čare  miiat  be  taken 
in  markiug  out  the  Hapa,  and  after  they  are  marked  out,  not  to  injnre  them  in 
any  wh_v,  especiailv  diiring  tbe  process  of  raiaing  them  from  the  bone.     Thev 
aliould  ho  handled  carefully  and  never  torn  or  bmised,  if  imion  is  expocted  to 
take  plače.     It  is  an  operation  wbi('h  ahoiild  not  be  atteuipted  by  anv  surgeon 
■who  haa  not  acquired  the  habit  of  doing  dclicate  and  diffionlt  \vork.     If  nnsue- 
pcssfiil,  and  gangrene  of  the  ilap  takes  plaoe  from  anv  cause,  it  is  almost  im- 
poaaible  to  do  a  seeondarv  operation  with  anv  satisfaetorj  resulta.     In  the 
hiinds  of  tbr  atithor,  Mr.  Lone,  the  most  brilliant  resnlts  have  been  obtaincd. 
Tbe  special  instrumenta  rc<]uired  in  tbis  operation  are:     Moiith  gag  (Fig. 
25)  J  scalpcl:  needle-hoUlpr.  needlea  and  tootbed  forceps. 
Poaition:    Rose  position, 
Aneathetic:     Ether,  internasal. 
Lane  writes: 

"The  general  principlcs  on  which  most  of  the  operations  are  bnaed  ia  that  of  raia- 
ing from  the  roof  of  the  mouth  on  one  side  of  the  cleft  a  flap,  vhieh  eonaiats  of  tbe 
muroiia  membrane,  eub-miieoua  tissue  and  periosteum  of  the  roof  of  the  mouth;  and 
whf>n>  this  flap  cKtenda  over  the  alveolua,  cure  is  taken  to  avoid  unneceasar;  damage 
to  the  Biihjaeent  teeth.  Thia  can  onlj  be  done  effieientlj  very  soon  after  birth.  As 
tirne  go«  on,  the  damage  done  to  the  temporarj  teeth  by  the  separation  of  the  auper- 
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jacent  mueoua  membrane  becomes  ateudilj  (treatcr.    Stili  thia  is  a  matter  of  no  veij 
great  moment  aa  compared  ttith  the  importanee  of  the  closure  of  the  deft. 

The  manner  m  wliiili  the  flap  is  fonned  from  the  mueoperiosteum  on  one  side, 
and  iB  fuced  beneath  the  soparnted  niuoopenosteuni  lining  the  roof  of  the  mouth.    on 


\ 


the  oppoHite  sidp  of  the  ek^ft  in  an  edentulous  iiifaiit,  ia  ropresented  in  Figuree     4C 
41,  42. 

"In  the  soft  palnte,  the  flap,  which  is  raiaec!,  comprises  ali  the  soft  parts  dowr»-  "to 
the  tensor  palati,  and  may  Im*  mnde  as  ext('iiaivc  ns  n«'Ossary,  by  encroaching  on  -t1*e 
cheek,  if  there  is  not  cnou^h  material  in  the  remaina  of  the  soft  palate.  As  reg**^* 
the  soft  palate,  this  niotho<l  of  operatinu  is  incomparahly  more  certain  of  success  (/*<»'» 
of  paring  the  edges  of  the  clefi  and  bringing  ihem  logelker.  Tbis  l»»et 
is  only  rendpred  possible  by  the  free  ^«^^ 
tical  dit^ision  of  the  palate  muscles  o" 
either  side,  and  the  junction  bo  effecs*-«« 
frequently  brenka  down.  In  my  op«^-^*"*' 
tion,  the  eontinuity  of  tbeso  mii^**-""'® 
ptunea  is  unimpuired,  no  ciontricial  *:  ■*" 
suo  cxiHtin(f  in  their  subatance  and  "■"• 

losa  of  funtrtion  ariaiug  in  any  part>  ^" 

oonsiKiuPtH-P,  the  musciea  on  lioth  sE  ^-Se« 
boinji  eoimpcte^l  by  material  on  ivh*-  "■   ' 
they  ean  e.\ert  effi<'iently  their  traet  »-  *"' 
uormally  in  their  several  direc-tions,         ^^  . 
the  other  side  of  the  cleft,  thcniucoi*^^"  ^'' 
osttum  18  divided  along  its  free  mar~*-^'" 
until  tlio  soft  palate  is  approaehed.    ''— ^—  ^* 
entreniitj  of  the  uvula  or   ita   relic:^'  _    " 
picked  up  with  forcepa,  and  an  inci^»-  *  "" 
is  made  outward  from  it  along  the  :^^  ^*^ 
martrin  of  the  palate  for  some  diatar"^-  ^*' 
and  from  its  outer  limit  another  is  ^c^«^'' 
riod  forward  and  inward  atons  the  up^^  9  ^' 
part  of  the  soft  palate  to  reaeh  the  ^'^"*^' 
r  limit  of  the  incision  running  al  ^^^  ^^ 
Iho  free  margin  of  the  hard  palate.    "^^T^    "' 
triaiiRuIar  flap  of  miieous  membrane  *»  * 
sriib-mucouH  tisaue,  inten-ening  bet«-*"^^ 
the  two  inoisions  despribed,  and  the  mnrpin  of  the  cleft  in  the  soft  palate,  ie  raised  *^^ 
the  subjaeent  nuisclca  and  tiirncd  inwHrd,  and  the  raw  siirface  left  by  thia  procedi''""'^ 
is  inereased    in   aroa  by   turning  outward    a    furthcr  portion  of  the  raucous  meD» 
brane  eoverinR  the  soft  palate  exteriialiy.     By   thia   mean<)   the  area  of  the  uppc*^ 
snrfupe  of  tlie  aoft  pnlnte,  rendered  bare  by  the  removal  of  its  mucous  membnine* 
eoveringr,  ia  rendered  much  greater  thaii  before.     By  meana  of  a  atout  Bteel  elerator 


'to.  41. — Cleft  oi 

Entihe  a 

inciuoiis.  that  to  tlic  Ipft  ni  tho 
the  nasal  BUrfarc  uF  the  iinluti', 
the  right  is  oii  Ihc  Imccol  aa|)Gct. 
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inlroducptl  betwoen  the  mucoperios- 
toiiin  and  the  bone,  throujrh  thc  inci- 
siim  mndc  alonpr  tho  margin  of  the  cleft, 
thc  inu<'operiostcuin  is  rais(xl  from  thc 
boiio  lip  to  the  inner  marsin  of  thc 
nlvt-olue.  Tho  flap,  who8e  eiige  is  at- 
tached  along  thc  niarfcin  of  thc  cleft,  ia 
pincod  beneath  the  flnp  whi(.'h  has  becn 
raiaed  froni,  and  for  a  considerable  dis- 
taiice  bejnnd,  the  niarprin  of  the  cleft; 
and  it  is  piiiiied  d<iwn  by  fine  curvcd 
nee<llc«  nnd  0000  Chinc-ac  twi»t  silk  in 
this  position,  by  a  niiinber  of  eutures 
w]iich  porforatr  the  froe  maruiu  of  the 
Tcflccted  flap  nnd  the  outer  pnrt  of  tho 
eleviitod  fliip.  thc  knots  bcing  tied  on 
the  nnder  surfiice  of  thc  bittcr,  whciice 
th<'\  <im  \n-  r('niovc<l  with  fticility 
whi'ii  thc  o|jp(>sin(t  siirfacca  havo 
iinittHl  finril.v,  which  they  do  in 
abont  tcii  dii.vH.  Then  the  frce  mar- 
;fin  of  tlii'  niisei)  flup  is  attached  by 
soiHinitc  siiturca  to  the  raw  surfaoe 
of  tlie  reflected  flap.  Finally  the 
opposing  edges  of  the  free  margin  of  thc  soft  palate 


. — Flapb  Sutored  in  PosmoN.  The  b 
1  rcpresonis  thc  surfacc  laid  bare  by  t 
'al  of  the  flup. 
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nm  '  e,  witli  ^  sm 

n,  and  D  is 


1.  OPEBATION  FOR  BBOAD 
CLEFT  INVOLVING  ALMOST 
THE  ENTIBE  PALATE  {Fig. 
■43), — The  first  incision  begins 
at  A,  goea  to  B,  is  continued  to 
C,  and  theii  tliroiigh  the  free 
e<lgo  o£  the  aoft  palate  to  D. 
The  eecond  incision  etarts  at  E, 
esctends  along  the  edge  of  the 
cleft  to  the  junction  of  the  soft 
and  hard  palates  F,  ia  contin- 
ued on  tho  superior  snrface  of 
the  aoft  palate  to  a  point  G.  A 
tliird  incision  startinp  at  G  is 
cnrric«!  alung  tho  free  edpe  of 
the  B..ft  pjihite  to  U.  The  fonrth 
incision,  slartiiif:  at  E,  extend8 
ti)  I  in  a  direction  anterior  and 
(iiitwiird.  If  tlio  septmn  ia  free 
iii    fhc   cleft,    a    Hfth    incision 

illrr  incisions  M  and  N.  O  and  I'. 

tlirn  cnrcfnllv  lifted  from  the  »ub 
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juccnt  stnuhires  with  a  special- 
h  ilpsifjiipH  kiiife,  and  must  in- 
cliide  not  onl\  the  niiieoiiB  mem- 
brane but  also  tlie  pepioateuin. 
At  tlie  po^tenor  paiatJne  fora- 
men  tlie  artpry  tian  usuallv  be 
caii^ht  nith  an  artery  clamp  aa 
It  dupiije'!  The  flap  bounded 
1  tlie  inoisioHs  I,  E.  aud  F  is 
iliiiL  raised  from  the  hard  pal- 
att  m  a  aiinilar  mauner.  The 
flap  on  the  superior  stirface  of 
the  <*oh  palate,  bounded  bv  the 
lULision  F,  G  and  H,  must  be 
raised  carefiillj  and  include 
milj  the  nmcmis  membrane  and 
suhmucoit!,  tissne.  It  is  tumed 
downward  and  mward,  hinginj^ 
on  a  line  from  F  to  H.     The 

first  flap  can  iiow  be  turned  downward  and  inward,  hinging  on  the  line  A  and 

D,  whi(.'h  is  one  of  tbo  edgee  of  tbe  cleft.     Thia  flap  is  then  inserted  between 

the  nnder  aiirface  of  the  hard 

pnlate  and  the  npper  surface 

of  tbo  raised  flap  bounded  by 

I,  E,  and  F  (  Fig.  4i). 

If  the  septnm  appears  in 

the  cleft,   the   b  m  a  1 1   flaps 

niarked  oiit  by  the  incisioua 

N,  K,  L,  and  P,  and  ^\.  K. 

L,    and    O    are    raised    and 

turned  down.    A  sniall  Hncar 

incision  ia  then  made  thruugh 

the  mucous  membrano  of  the 

first  flap  to  correapond  to  the 

area  which  will  be  in  appoai- 

tion  to  the  raw  surface  juat 

produccd  on  the  aeptum  when 

tbe  tirat  flap  ia  turned  over 

and  faatened  to  the  opposite 

side. 

To  complete  the  opera- 

tion,  interrnpted  autnrea  ai-e 

placed,  to  fasten  tbe  free  outer 

alveolar  border.     A  aecond  row  of  iuterrupted  auturea  ia  then  placed,  to  fasten 
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tbe  free  edge  of  the  second  flap 

to  the  raw  aurface  of  the  firet  flap. 

The  flap   from  the  superior  aui^ 

face  of  the  aoft  palate  is  theii  bii 

tiired  to  the  raw   eurface  of  the 

lirst  flap,  aa  shown  in  Figute  44 
2.     OPEBATION    WHERE    THE 

WtDTH    OF    THE    CLEFT    18    EX 

TREME.- — rt  19  frequent]y   impos 

sililo  to  cloee  the  gap  in  one  opera- 

tion,  80  a  2-8tage  procedure  maj 

be  adopted : 

The  flrst  incision  estends  from 

A  to   B,   corapletelj  aiirromiding 

the  external  aurface  of  the  alveo- 

lar  border  (Fig.  45). 

The   second   inciaion   estende 

from  C  to  D  to  E. 

The    third     incisioD     exteads 

from  F  to  G  to  H,     It  is  then  pos- 

sible  to  Hft  a  raiieoperioateal  flap  bounded  by  the  inctaloua  D,  E,  H,  and  G  and 

leave  a  amall  hridge  of  tissue  which  muat  act  aa  a  hinge  betvveen  the  points 
D  and  G.  Thia  flap  is  then 
tiirned  downward  and  backward, 
an<l  antnreil  to  the  raw  edges 
created  by  the  incision  O  and  D, 
F  and  G.  The  next  step  ia  to 
careful1y  raise  the  2  flaps:  the 
one  marked  out  by  the  incision 
C-D,  D-E,  and  E-A;  the  other 
F-G,  G-II,  and  H-B.  Theee  2 
flapa  are  now  rotated  or  sli  d 
toward  the  middie  line,  and  the 
lines  D-E  and  G-H  are  sutured 
together  in  the  middie  line,  there- 
by  covering  the  raw  aurface  of  the 
first  flap  with  mucoua  membrane 
(Fig.  4fi).  Thia  conipletea  the 
first  stage. 

For    tlie    accond    stage    (Fig. 

47),   inoiHifms  are   maile   from   a 

pdiiit  A,  aldiig  the  free  riiargin  of 

»  edge  iif  soft  puliitc  t(i  C,  and  tlicn  lii  jiti  miterior 

lar  border  to  u  point  D.     A  similar  flap  is  niade  on 
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tJU-  '^(jjijfrt*  t-iOf  irjiL  tii^  jf-ihrt  ,i-  v.-  3t_  i  ■  F.  t  O.  Tii*«f  £ei»  miw;  OKunoft. 
«*  it  iiiwa_v»  tii^  •»!•*  »iu^L  lit;]«:  ar*  'LtE«.  fr-ui;  ti«*-  »iifi  jmufit.  'iil-  tu!-  DiTi-mij 
u^ruihm^  MiO  euimiu^j-jut  tienut.  Ti«;«-  -  fluj*  tJ*  in>w  iimurir  Ttc?'!!*?^  ^ 
Tli*-  iljo'!!*-  lili*-  i'""  Tmir»-r  vij^i 

iii.'  **ief  •:■-  "^  'fitl'  '-  "^  *'^ 
I*kij«»-  ii.  <*■  kili:  '^-i.  F.  F-iaZj 
t^^nuif*   tre  pinf^i   :»?rwi-5.  ^b* 

J^Jiiljl-   *  ''  1lIJ-2   F  .  fgl-Ti  ■«!  -TfP  'Šj* 

ma^m*  MeOtiA—TiK  --?*:- 

1.      Iiiii:>*-iiii*-;T  tn.er  birth 

lulveE  oi  tlie  npf«er  >■«■  i-rcnber 
finnJv  witL  Ler  nncer  iiid  iLiiinl' 
uuiDv  limei  £  diT.     Thiš  r-nho- 
ptdic  prfK^iJare  if-nd?  t-:-  lessea 
tfie  widtb  'if  ihf-  rsjnre. 
iijft  aud  Eipmicanilairiij-Mi*  t-ce*  of 
tit«  ijpi*';r  jaw  kIiouJiJ  1«;  forcs']  U^^lKfr  by  iiif-aij^  '.f  a  claiiij-  or  V-v  :fcf  e:.,« 
foriiii'ih\iU!  iifmmthm  of  lir<>j»hy,  witb  wire  ti^-ln-aiiiE  an-l  lead  plait^ 

<'J.  Al^jtjt  tJiT  HaiiK;  tini«  tliat  tJiits  repla<*inf'nt  <if  tlit-  V-nes  is  anenipied. 
tlie  alv*3f>Iij»i  cloiil'!  U;  f-^^iifjtnjfrt*«]  in  front,  if  lliere  Ik-  aov  p^-al  deviation  in 
tli«  iili|(Mifj<;iit. 

i.  Auv  protniKioii  of  tln;  iiit<'niiaxillar>-  It-nu-  iiiiist  Vie  corrpoie^J  bv  a 
pluMti';  ftr  'M-l<;<jplaHtii;  'f)*<:ratiMii  at  iK«  front  part  of  tbe  iiasal  septiim  .if  tlie 

5.  A  (fap  nrmainini;  iti  tli«  roof  of  tli«  uKMith  iimst  iiext  bo  closod  V  a  llap 
(*[K;rHti<«ii. 

'i.  Tli«!  fiMMiir«  in  tlic  iipjHT  lip  nnirt  not  !«■  opcrat^d  iipon  iintil  tlicn  and 
nhoiild  \n-  )\im-il  with  i-an-fiillv  applicd  fintiin-s  iiiid  tlie  dcfr.niiity  of  tlie  no^tril 
(nirrc;!««!. 

7.  Wli«ii  tli«  !ow«r  lip  iH  vv.TV  prominont,  tlic  (Kf-ision  nf  a  V-shapcd  pieco 
umi  tli«  widenintf  of  lli«  upjHir  lip  if  indi(rutfxl,  liv  tlic  inst-rtion  of  this  picce  or 
H  fliip  liik«ti  froiii  «Ii«(!k,  rrliin,  or  liuiid. 

After-trefttment.  Tln!  cHmnitial  pnint«  in  llio  aftcr-treatment  of  opera- 
■■(oni!  oii  tlii'  ]inliif«  lir«:     I.  (Jni«t  and  rect  of  tlic  parts;  -2.  rieanllnc;;?. 

Tli«  lirHt  jioiiit  iiiHy  1m!  obtuini-il  hy  tlie  usc  of  such  driigs  as  paregoric  or 


Fw.  M.— Flu«  trn  P^arnML 

2.     \ti  mjiiii  niU;r  birtJi  a»  \)'xmWi\»^,  tli« 
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chloral  for  the  first  24  hours  after  the  operation.  From  the  second  day  on  the 
child  must  be  amused,  given  plenty  of  toy8  to  play  with,  inade  as  comfortable 
and  annoyed  as  little  as  possible.  He  should  be  alIowed  to  be  with  people  he 
likes.  As  much  sleep  as  the  child  can  get  is  very  beneficial,  and  plenty  of  f  resh 
air  is  essential. 

As  to  the  second  point,  cleanliness,  it  is  qiiite  a  question  if  the  antiseptic 
sprays  and  douches  often  recommended  do  not  frequently  do  more  liann  than 
good.  They  must  necessari]y  be  very  weak  in  antiseptic  vahie,  and  as  the 
quantity  of  fluid  used  must  be  very  small,  the  cleaning  value  cannot  be  great. 
As  the  administration  of  these  douches  always  excites  violent  and  continuous 
opposition  on  the  patient'8  part,  accompanied  by  much  crying,  tlie  harm  done 
is  probably  greater  than  the  good.  Frecpient  drinks  of  a  small  quantity  of  clean 
water  are,  in  my  opinion,  much  more  useful.  Of  course,  in  older  children  and 
in  adults,  local  cleanliness  can  be  maintained  by  direct  applications  to  the 
vi^ound,  and,  in  these  cases,  should  be  employed. 

The  diet  must  consist  from  the  first  to  the  sixth  or  eighth  day  of  fluids  only, 

A  very  small  quantity  at  a  time,  and  given  with  a  spoon.    After  the  eighth  day, 

^^stards  and  soft  puddings  may  be  added,  but  it  is  best  not  to  give  any  solid 

food  until  the  wounds  have  been  examined  and  the  fact  established  that  heal- 

^^^S  fcas  taken  plače  or  has  progressed  as  far  as  it  will  go.     After  the  adminis- 

^'^^-tion  of  any  food,  it  is  well  to  give  a  small  (juantitv  of  water,  with  the  ex- 

P^'^<itation  that  particles  of  food,  which  may  have  lodged  in  the  incisions,  will 

"^   '^vashed  away. 

TJnless  some  serious  coraplication  occurs,  such  as  sopsis  or  hemorrhage,  the 
^^^^^iiid  shouUl  be  let  alone  for  at  least  »>  or  4  days.  If  the  hemorrhage  is 
'''^^*<>iidary  and  profuse  (some  cases  have  boen  repoited  as  late  as  the  tenth 
**-,V  after  operation),  it  is  probably  due  to  bleeding  from  the  posterior 
P*^*^tine  artery.  This  may  be  controlIe<l  l)y  the  insertion  into  the  pos- 
^^ior  palatine  foramen  of  a  small  pointed  piece  of  wood,  such  as  the 
^^^  of  a  match.  Slight  secondary  oozing  is  generally  due  to  infection 
^^^  gangrene  and  is  rarely  serious.  Much  harm  has  been  done  by  frequent 
^^^^naination  during  the  first  week,  but  it  is  difficult  to  abstain  from  making 

The  use  of  splints  on  the  child's  arm  or  any  other  form  of  restraint  after 
_r^^    first  24  hours,  is  apt  to  fatigue  and  annoy  the  child  and  make  it  restless. 
*•    Ib,  therefore,  better  not  to  use  them,  provided  propcr  attcntion  can  be  given 
^^  patient  by  a  parent  or  nurse. 

Iftesnlts. — A  complete  and  perfect  repair,  as  a  result  of  an  operation,  is  un- 

*^^Vial,  and  the  family  should  not  be  led  to  expect  it.     It  is  not  uncommon  for 

L  *^^  line  of  junction  to  present  some  gaps,  after  the  stitches  of  flap  operations 

^        ^^Ve  been  taken  out.     These  gaps,  which  are  the  result  of  infection,  over-ten- 

^^on,  or  erosion,  are  usually  located  at  the  junction  of  the  hard  and  soft  palates 

^^  directly  back  of  the  incisors.     They  are  apt  to  close  spontaneously,  through 

panulation,  in  8  or  14  days.     Healing  of  small  but  persistent  gaps  may  be 
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accelerated  by  the  application  of  mild  caustic  agents.    Large  defects  sometimes 
require  a  8econdary  plastic  operation  for  their  permanent  correction. 

Gangrene  after  these  operations  may  be  dne  to  a  variety  of  operative  causes, 
aside  from  the  division  of  the  posterior  palatine  artery,  whieh  is  sometimes  in- 
evitable.  A  freqiient  contributing  cause  is  too  tight  tving  of  the  stitches. 
When  flaps  are  torn  or  detached,  they  should  at  once  be  repaired  by  means  of 
fine  silk  sutures.  A  cause  of  gangrene,  for  which  the  operator  is  not  respon- 
sible,  consists  in  the  necessary  detachment  of  very  thin  flaps,  whieh  may  at 
once  become  discolored  and  pale,  but  which  sometimes  resume  their  normal 
color  in  the  course  of  the  operation.  In  less  fortunate  cases,  one  or  several 
flaps  may  become  partly  or  entirely  gangrenous,  especially  around  the  margins, 
but  the  loss  of  substance  is  often  spontaneously  repaired  to  an  unexpected  de- 
gree.  Le  Dentu  mentions  a  čase  of  repair  of  the  entire  palate,  after  gangrene 
had  destroyed  half  of  the  width  of  one  of  the  flaps,  and  at  least  2  cm.  (%  in.) 
of  its  length.  Fistul«  of  different  sizes  usually  persist  after  solutions  of  con- 
tinuity  larger  than  5  to  6  mm.  in  diameter.  Lateral  fistulsB,  not  due  to  re- 
stricted  gangrene  or  ulceration,  may  form  at  the  level  of  the  incisions  and  have 
been  attributed  by  Ehrmann  to  constitutional  or  intercurrent  diseases.  Exces- 
sive  length  of  the  lateral  incisions,  the  position  of  the  incision  too  near  the  edge 
of  the  cleft,  or  traction  upon  the  internal  margin  of  one  incision  from  rapid 
healing  and  contraction  of  another  incision,  can  also  be  mentioned  as  causes 
which  have  a  tendencv  to  produce  fistulse. 

Late  Kesults. — The  remote  results  of  operative  closure  of  cleft  palate  are 
discussed  by  Hageman  (8)  upon  the  basis  of  re-examination  of  23  cases  \«^hich 
had  previouslv  been  operated  upon  according  to  the  Lan,<>;enbeck  method.  In 
the  majoritv  of  these  cases,  plaster  casts  were  takon  of  the  superior  and  inferior 
maxill8e.  Of  the  seven  patients  who  had  been  successfullj  operated  upon  be- 
tween  the  ages  of  two  and  seven  years,  no  less  than  five  presented  a  very  char- 
acteristic  change,  which  consisted  of  smalhiess  of  the  upper  jaw  in  general, 
more  particularly  a  narrowness  in  the  transverse  direction,  with  a  transposal 
of  the  teeth  in  the  lower  jaw,  their  crowns  having  rotated  inward.  These 
changes  of  the  upper  jaw  are  explained  as  due  to  the  traction  of  the  scar  tissue, 
which  fomis  in  the  undcr  surfaee  of  the  liard  palate.  This  cicatricial  contrac- 
tion subsequently  induces  a  transverse  narrowing  of  the  upper  jaw.  The 
change  in  the  lower  jaw  takes  plače  through  the  functional  adaptation  of  the 
teeth  of  the  inferior  maxilla  to  the  upper  jaw.  When  these  changes  are  verv 
pronounced,  the  result  is  a  disfigurement  of  the  faee  and  a  general  disturbance, 
on  account  of  the  interference  with  the  aet  of  chewing.  Upon  the  basis  of  his 
findings,  Hageman  arrives  at  the  conclusion  from  a  praetical  poinl  of  view, 
that  it  is  of  the  »jreatest  advantage  in  the  first  plaee,  to  apply  dental  protheses 
to  stretch  the  upper  jaw  after  operation;  and  ho  advoeates  the  postponement 
of  the  Langenbeck  operation,  at  least  in  severe  cases,  until  the  change  o£  teelih 
has  been  completed,  namely  until  after  the  tenth  vear  if  possible. 

The  modem  operative  methods   of  forcible  approximation  of 
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upper  jaw  do  uot  appear  very  promising  for  thc  future  configiiration  of  the 
maxilla?,  and  are  Iikely  to  induce  aii  increased  degree  of  trausverse  narrowing 
of  the  superior  maxilla.  These  methods  (Brophy,  Sebileaii,  Tlaminoiid,  Scliroe- 
der,  Hclbiiig)  luust  tiierefore  be  applied  with  some  eautioii.  After  the  Langen- 
lK*ck  operatioD,  when  it  is  performed  at  a  very  youthfuI  age,  the  growth  of  the 
upper  jaw  should  be  8teadily  controlled,  that  it  may  be  euabled  bv  ineans  of 
orthodeutal  apparatus  to  counteract  in  tirne  the  narro\ving  of  tlie  maxilla. 

It  shoiild  be  well  understood  that  the  repair  of  the  palate,  even  if  eminently 
successfiil,  does  not  correct  the  defects  in  speech ;  or,  even  where  the  operation 
is  performed  in  early  infancy,  prevent  them  from  occiirring.  Ali  that  the 
operation  can  do  is  to  make  it  more  possible  for  the  child  to  leam  to  speak 
correctly  and  therefore  it  is  of  great  importance  that  the  child  should  receivc 
careful  and  intelligent  instniction  as  soon  as  possible  after  the  operation. 

After  early  operations  upon  clefts  of  the  soft  palate  in  the  first  few  vears  of 
life,  no  obturator  may  be  required,  but  these  protheses  often  act  as  useful  adju- 
vants  in  the  speaking  exercises  of  older  children.  Elastic  obturators  filled  with 
air  and  inserted  between  the  velum  and  the  posterior  pharyngeal  wall,  closing  oflF 
the  nasal  cavity,  are  recommended  by  J.  WolflF  and  Schiltsky.  This  prothesis 
has  a  palatine  plate  of  hard  rubber  with  a  narrow  handle,  which  is  made  to  lie 
over  the  soft  palate  and  terminate  in  a  small  hollow  pharyngeal  obturator,  made 
of  vulcanized  soft  rubber.  This  pharyngeal  obturator  is  compressible  and  con- 
tains  air,  and  when  the  palatine  velum  is  raised  in  speaking,  it  is  pushed  back- 
ward  and  sideways,  with  the  result,  in  favorable  cases,  that  the  nasopharyngeal 
cavity  is  shut  off  andthepatient^s  speech  in  con8equence  saved  from  a  nasal  twang. 

The  postoperative  results  in  regard  to  speech  are  especially  hampered  by 
the  smallness  of  the  soft  palate  and  its  lack  of  adaptation  to  the  posterior 
pharyngeal  wall.  Massage  of  the  palatine  velum  has  been  recommended  for  thc 
repair  of  this  defect  and  for  the  correction  of  the  resulting  nasal  speech.  This 
massage,  according  to  Tillmanns,  may  be  applied  by  means  of  a  small  T-shaped 
instrument  of  wood  or  metal,  which  is  curved  to  fit  the  hard  palate,  and  with 
which  the  velum  is  stretched  toward  the  posterior  pharyngeal  wall. 

Mechanical  appliances  with  a  flexible  velum — the  so-called  artificial  palates 
— were  formerly  often  used  as  protheses  in  these  deformities,  but  are  not  to  be 
recommended  at  the  present  stage  of  surgical  technic.  They  are  sometimes 
necessarv,  however,  as  a  last  resort,  after  repeated  surgical  procedures  have 
proven  unsuccessful,  because  of  the  sloughing  of  the  flaps,  or  in  those  desperate 
cases  in  whieh  any  operative  measures  seem  foredoomed  to  failure. 


PLASTIO  SUBOEBT  OF  THE  LOWEB  LIP:    CHEIL0PLA8TY 

The  doBore  of  small  and  moderate  sized  defects  of  the  lower  lip,  either 
trian^ar  c  Miy  acoomplished  through  the  approximation 

by  euture  without  tlie  aid  of  cheilopla8ty. 
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Large  triangular  defccts  whicli  <;auiiut  b«  ciosed  hy  simple  suture  without  over- 
BtretcliiDg  of  tlie  parts  niay  bo  treated  by  eniarging  the  mouth-gap  tbrou^ 
horizontal  incisions  froin  the  buccal  angles,  followed  by  Buture.  A  total  losa 
of  substance,  eitber  qiiadrilateral  or  ciirved,  of  the  lower  lip  ma.v  be  ciosed  as 
described  bv  Brims,  by  plastic  flaps  from  the  cheek,  whi<;h  are  t\inied  over  into 
the  defect  and  sutiired ;  or,  as  described  by  Lanpenbeck,  by  a  flap  cut  from  the 
cbin  region,  which  is  tumed  upward  into  the  defect  and  stitched  in  plače. 


OFEKAIIONS  FOB  EZOISION  OF  rAPTLLOUA,  ANOIOUA,  OB  OTKEB  NOH- 
UAUONANT  aKOWTHS 

Simple  V-Incision. — See  Tigiire  40. 

Aneithetio. — Cocain,  1  per  (lent.,  or  novoeain  nsed  2  per  cent.  for  the  skin 
and  followed  bv  1  per  cent.  for  the  deeper  parts.  Etber  in  imnecessarv  in 
adiilte.  The  addition  of  adrenalin  is 
not  recommended.  The  admiiiiatratioD 
of  6  mm,  of  Magendie'9  sohition  of 
morphin  before  the  opcration  quiets  the 
patient. 

Positioa.— Shonldera  and  head  ele 
vated  and  iiead  slightly  fleied,  resting 
on  firm  piIIow  or  sand-bag. 

No  special  instrumenta  are  required. 
Tcchnio. — Apply  Miirpby'a  intes- 
tinal  clamps  as  near  the  angle  of  the 
lower  lip  as  possible  (Fig.  51).  The 
area  to  be  rernoved  shoiild  be  a  complete 
aectiou  tbrough  the  lip,  consistiug  of  ali  its  layers.  The  angle  made  by  the  2 
incisions  forming  the  "V"  sboiiid  be  as  acntc  as  possible,  and  each  incision  ean 
be  ea8ily  made  with  one  cnt  of  a  sharp  scalpel.  If  the  angle  is  acnte  and  the 
area  removed  is  not  greater  than  a  third  of  the  lip,  exoeIlent  approximation 
with()nt  tension  ciin  hc  secnred.  Incisc  the  iip  not  absolutelv  at  right  angles  to 
the  skin,  biit  slnpe  the  scalpel  slightly  inward  while  making  cach  incision,  in 
order  to  reniove  a  somewhat  largcr  area  of  skin  than  of  mncons  membrane. 
The  liemorrliage  from  the  coronarv  arterv  can  bc  controlled  by  verv  fine  liga- 
tnres,  and  čare  alionld  bo  taken  to  include  nothing  moro  tlian  the  arterv  in  tho 
knots.  The  sliglit  vonous  oozing  mav  l>e  ncglo<'to(l.  rsiiallv  S  or  4  fine  silk- 
worm-gnt  sutiiros  paascd  in  at  right  angles  to  tlic  skin  (hnvn  to  biit  not  throiigh 
the  mncons  membrano,  will  .sitfficc  to  givo  pcrfect  n|>]M)sition  and  stop  aH  oozing. 
Carc  miist  be  taken  to  gct  exact  alignment  nf  tlic  li  poiTits  wliere  the  vermilion 
border  and  tho  skin  join.  A  few  silk  sutures  in  the  vormilion  border  may  be 
necessarv,  Doven  recommends  the  sutiiring  of  tlio  mncons  membrane  first, 
and  thcn  the  skin,  with  aH  tho  antnn^s  supcrficial,  and  olainis  that  fajr  * 
a  stronger  and  firmer  Hp  is  obtainod. 
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DOUBLE  TRIANGLE  METHOD  (Fig.  50,  A).— The  growth  is  removed  by  the 
siiiiple  V-shaped  incision  A  B  C.  An  area  equal  to  the  area  of  the  section  is 
removed  from  the  clieek,  DEC.  The  ineisions  for  this  should  be  marked  out 
on  the  skin  and  an  area  of  mueous  membrane  D  F  G  C  left  to  restore  the  ver- 
milion  border  of  the  lip  as  described  on  page  497.  The  ineisions  FE  and  EG 
go  througli  aH  the  lavers  of  the  cheek.  Figure  50,  B  8hows  the  sutures  in  position 


A  B 

Fio.  50. — A,  DouBLE  Triangle  Method  for  Rbmovino  Non-malignant  Qrowth8  of  Lowbr  Lip; 

B,  Sutures  in  Position  and  the  Defect  Closed. 

and  the  defect  closed,  with  the  mueous  membrane  tumed  out,  making  the  new 
vermilion  border. 


OPE&ATIONS   FOB   EPITHEUOBftA   OF   LOWEB   UP 

The  operation  consists  of :  First,  the  entire  removal  of  the  growth  with  at 
least  ^2  >!*•  ^^  healthv  tissue  surrounding  it  on  ali  sides;  second,  the  complete 
removal  of  the  submental  and  submaxillarv  lymph  glands;  and,  third,  the 
restoration  of  the  lip  by  one  of  several  methods. 

1.  Removal  of  Growth 

If  the  growth  is  very  small  indeed,  it  may  be  excised  with  a  sufficient  amount 
of  healthy  tissue,  by  a  largo  V-shaped  incision,  but  the  amount  of  tissue  re- 
moved bv  this  incision  is  not  as  a  general  rule  sufficient,  and  a  quadrilateral 
area  gives  much  more  satisfactorj  results.  The  excising  ineisions  must  be  at 
least  more  than  VL*  in.  away  from  the  growth. 

2.  Rkmoval  of  Glands 

The  qne8tion  as  to  \vhether  the  lymph  glands  should  be  removed  or  not  does 

**  euflsion.    Tho  only  possible  t««««^  for  not  removing  them  would 

"^tient  had  an  inope  ion.     Tn  everv  čase  \vhero 
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there  is  the  least  hope  of  a  cure  the  glands  must  be  removed.  If  this  is  not 
done,  the  operation  must  be  considered  a  palliative  one  only,  and  recurrence 
must  be  expected.  It  bas  many  times  been  shown  tbat  metastases  occur  ez- 
tremely  early,  and  tbat  as  soon  as  tbe  growtb,  by  microscopic  examination9 
8bows  typical  epitbelioma,  tbe  lympb-node8  are  by  tbat  time  involved. 

Tbe  question  as  to  wben  to  remove  tbe  lympbaties  is  important.  Many  sui- 
geons  recommend  tbat  tbe  completc  operation,  tbe  removal  of  tbe  growth,  tbe 
removal  of  tbe  Ivrapb  glands,  and  tbe  restoration  of  tbe  lip,  be  done  at  the 
same  time. 

I  much  prefer  to  remove  the  glands  first  and  to  employ  a  two-stage  opera- 
tion :  First,  because  it  is  possible  to  do  an  aseptic  removal  of  tbe  glands,  result- 
ing  in  primary  union  of  tbe  wounds  wben  the  moutb  bas  not  been  entered; 
and,  second,  because,  by  dividing  tbe  operation,  tbe  disadvantages  to  the  wel- 
fare  and  comfort  of  tbe  patient  are  minimized.  Tbe  lengtb  of  time  required 
to  do  a  careful  restoration  of  tbe  lip  is  necessarily  great,  and  there  is  always 
considerable  hemorrbage,  from  wbicb  patients  frequently  sbow  the  so-called 
"surgical  sbock."  Some  infection  of  tbe  lip  wound  and  consequent  rise  of 
temperature  almost  always  follow  tbe  lip  operation,  wbich,  by  tbemselves,  are 
sufBcient  to  affect  the  welf are  of  tbe  patient.  The  longer  the  anestbetic  is  given, 
tbe  greater  are  tbe  cbances  for  postoperative  complieations,  especially  when  tbe 
operative  field  involves  tbe  air  passages,  and  I  helieve  it  to  be  much  safer  to 
give  2  anestbetics  of  moderate  duration  than  one  excessively  long  one. 

In  almost  ali  cases  it  is  undoubtedly  best  to  remove  tbe  glands  first,  be- 
cause they  are  thus  sure  of  being  removed.  It  frequently  bappens  tbat  tbe  re- 
moval of  tbe  growtb  and  tbe  restoration  of  tbe  lip  satisfy  tbe  patients,  especially 
bospital  patients,  and  tbey  refuse  to  accept  the  second  operation ;  and  because 
tbe  restoration  of  tbe  lip  is  a  long  operation  and  tbe  after-effects  of  tbe  anes- 
tbetic are  often  so  prolonged  and  severe,  the  patient  refuses  to  take  etber  again. 

I  recommend  incisions  as  sbovvn  in  Figure  61.  Ali  Ivmpb-nodes  sbould  be 
removed,  also  tbe  submaxillary  salivary  glands.  Tbe  wounds  do  well  if  closed 
with  drainage,  wbicb  can  be  removed  on  tbe  tbird  day.  For  tbe  various  meth- 
ods,  see  operations  on  tbe  neck. 

3.     Restoration  of  the  Lip 

First  Method  (Figs.  51,  52). — To  insure  a  s\Tnmetrical  result  it  is  well  to 
mark  out  witb  the  point  of  tbe  scalpel  on  tbe  skin  tbe  incisions  wbicb  it  is  pro- 
posed  to  make  in  order  to  fill  tbe  gap.  If  this  is  not  done  before  tbe  incisions 
are  made,  it  frequently  will  be  found,  toward  tbe  end  of  the  operation,  tbat  tbe 
flaps  are  unequal  and  bave  a  tendencv  to  drag  the  lip  in  either  one  or  tbe  otber 
direction.  Ilaving  marked  the  cuts,  make  the  convex  ineision  CD,  the  convexity 
pointing  upward  and  outward.  This  ineision  sbould  be  made  to  follow,  so  as 
to  surround,  the  base  of  tbe  prominence  of  tbe  cbin,  and  must  penetrate  aH  tbe 
fluperficial  parts!    Tbe  blood-vessels,  whicb  are  numerous,  must  be  eaught  with 
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Fio.  SI. — Rebtokation  of  Lowib  Lip  (1). 


fiiie  mosquito  clamps  and  the  vesselii  ligated  with  the  finest  poasible  catgut. 

Then  make  incisiou  AB  in  a  horizontal  direction  of  a  lenj^th  equal  to  %  of  tbe 

space  created  by  the  removal  of  the  growth  on  the  lip,     This  incision  should 

extend  down  to  but  not  throuph  the  mucous  membrane  of  the  cheek.     When 

thia  is  reached,  the  scalpel  ehould 

be  turned  iipward,  separating  the 

mucous  membrane  from  the  aiib- 

jacent  tiasnca  for  the  distance  of 

lit  least  '.i;  in.     Then  eut  throiitjh 

the  mucDua  membrane  parallel  to 

the  incision  AB.     Thia  is  done  in 

order  to  provide  snfHcient  mucoua 

membrane  to  turn  over  the  raw 

siirface  of  the  new  lip,  and  thus 

ereate    a    new   vemiilion    border. 

Repeat  the  same  incisions  on  the 

oppoaite  si  de  of  the  face.     Čare 

iiiust  be  taken  to  atop  aH  hemor- 

rhage  at  thie  time.    By  iiow  gentl.v 

approximating  the  cut  aurfaces  10- 

and  JC,  it  can  be  estimated  whether  the  latcral  incisions  have  been  exten8ive 

cnough  to  enable  theae  2  surfacea  to  be  approxiniated  without  &ny  tension  what- 

ever.     If  there  is  anv  tension,  the  lateral  incisions  muat  be  estended.     During 

this  part  of  the  operation,  some  tvpe  of  aspirating  apparatua,  which  enables  the 

hlood  to  be  removed  from  the 
pharynx,  is  of  great  value  to 
obviate  the  need  of  constant 
sponging,  which  not  o  n  I  y 
does  not  completely  remove 
the  blood,  bnt  also  interferea 
with  the  operation,  irritates 
the  patienfs  mucoua  mem- 
brane, and  bas  a  tendencv  to 
increase  the  possibilitiea  of 
postoperative  complications. 

BUTURING.— B  e  g  i  n   bj 
sutnring   tlie   niucons   mem- 
>io.  5J.— KcsTORA^^^or  LovbrLip  (2j.  brane   of  one   of   the  lovver 

incisions,    working    on    both 

sidea  towanl  the  luiddle  line.     A  inedinin  aizcd  ciirvcd  needle  with  fine  plain 

gut,  using  interrupted  stitchea  about  1/4  in.  apart,  givcs  the  bcst  rcMiilta,     ("are 

nnist  be  takcu,  as  in  aH  plaatie  mnk,  not  to  tir  tlie  stiti-hcs  fiM)  tiglit  or  iuvert 

the  niucouii  membrane.     Whei  ^uro  Hnos  ure  C()mpl('te,  one  of  the  flaps 

oreated  by  the  incisions  AB  (  be  gciitly  bohl  \vith  a  sponge-holder 
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I.  SS.^Rbstohation  of  l^ivaR  Lip  (3). 


and  druwii  toward  the  iriidille  line.  Fine  silkw(>rin-fnit  slittlics  (;au  qow  l»e 
introduced.  bejtiiining  at  the  onter  end  of  the  curved  incision  CD.  H  the  silk- 
worm-gut  has  been  previoiisl^  Boaked  for  some  little  time  in  wann  water,  it  will 

bo  luuch  easier  to  handle  and 
win  adapt  itself  bctter  to  the 
tissiics.   These  atitches  shouM 
inchide  ali  the  thicknesH  of 
the  soft  parts  down   to  the 
iiiiicoiis  membrane,  biit'nnist 
not  pasa  throiif>;li  the  miicoiis 
membrane,  and  must  be  tied 
so  as  to  jnat  approxiraate  the 
riit  surfaces.     Freqnent  ap- 
plications    of    peroxid,    fol- 
lowed  by  wanu  salt  solution 
over  the  raw  areas,  bas  been 
found  an  escellent  cleansiu^  z 
agent  and  at  tbe  same  time  e 
a    mild    Lemostatic    withoiit J 
eaiising  much  irritation  or  interfering  with  the  bealing.     Following  the  sutiirec 
of  the  2  lower  lateral  inciaions,  a  vertical  siiture  of  the  ninii>iis  nienibranoE 
created  bv  tbe  approsimation  of  IG  and  JC  is  now  limu  .      i    in      i-  ,".  tini 
catgut  antures  usHally  siiflice.     Silkworm  sutures 
are  tben  passed.  as  before,  in  the  middie  line,  čare 
being  taken  to  yet  exact  alignment  between  tbe 
jnnetion  of  the  vermilion  border  and  the  akin  of 
tbe  opposite  parts.     The  excesH  of  mncons  mem- 
brane created  wben  tbe  inci,iiona  AB  and  EF  were 
niade,  is  now  drawu  forward  over  the  raw  surfac^ 
of  the  new  lip  and  carefiiUv  sntured  to  the  skin 
with  line  silk.     If  tbis  step  of  tbe  operation  is 
earefuU.v  done,  an  excclleut  new  vermiUon  border 
for  the  new  lip  will  result. 

It  will  now  be  found  that  an  esceaa  of  tissue 
in  tbe  cheek  prevents  correct  approsimation  of  the 
i  upper  horizontal  incisiona.  To  overcome  tbis,  a 
small  triangular  section  consiating  of  tbe  wbo1e 
thickness  of  the  cheek  can  be  removed  from  eacb 
side  (Fig.  53). 

Uorestin'!  Method. — ^Moreatin    {20}    advocatea  verv   stronglv  tbe  eicisi-  «0 
"iihra-total"  of  tbe  epithelioma  (Fig.  54).    The  area  to  be  removed  is  bounA^*/ 
hy  3  inciaions.    The  iirat  one  is  ciirved  in  shape  and  passes  trausvernelv  in  fro»( 
of  tbe  point  of  the  chin,  continning  at  the  level  of  tlie  border  of  tbe  inferif" 
tnaxill«  to  a  point  just  anterior  to  the  location  of  the  fint  molar  tooth.    Tha  J 
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otiicrs  start  froiti  th«  angles  of  tlie  inoutli  (wliieli  are  siippostjdlv  nut  involve*! 
iii  tlie  gn)wtli)  and  pass  dowiiward  aiid  imtward,  joiniuj;  the  estremities  of  the 
trunsverse  iiioisioii.  The  part  lliiis  reinoved  will  be  of  a  trapezoid  slmpe,  with 
tlie  baae  infi-rior. 

Morestin  iises  this  procedure  becaiise  tlie  lesiou  has  a  teiideiicv  to  iiifiltrate 
the  iiiuscular  tissues  and  to  travel  along  the  IvmphaticB  which  pasa  with  the 
inferior  dcutal  neire,  and  deplores  the  removal  of  the  growth  bj  a  V-ahaped 
incieion  which  does  not  eousider  this  ehance  of  metastaaia.  The  removal  of  thia 
trapezoid  gives  the  best  prognosis  and  reinovea  the  greatest  possible  aniount  of 
doubtfiil  tisstie.  It  is,  of  course,  underatood  tbat  this  operation  niuBt  be  either 
preoeded  or  foliowed  by  the  complete  disaection  of  tho  lymphatic  uodes  and 
the  8iibniaxillarv  glands. 

The  area  tn  be  filled  in  is  apparentiv  enormons,  and  at  first  seenis  to  present 
a  grejit  niHnv  diftieiiltips.  Rnt  the  aiithnr  dnea  not  tind  these  tnsupflrahip.  He 
considers  the  raoat  siiitable  cheiloplaatic  operation  fnr  doaing  this  defect  tn  he 
that  described  by  Larger  (t3),  but  he  haa  made  aeveral  improveraenta  on  this 
metbod. 

For  the  sake  of  perfect  ac«iiracy  he  advocates  tracing  an  incision  on  the 
skin.  He  begins  bv  tracing  an  incision  on  each  cheek  parallel  to  the  edge  of  the 
section  aud  at  a  distanee  of  3  cm.  from  it,  bcginning  at  tho  lovvest  point  at  the 
kvel  of  the  tocth  of  the  inferior  niaxilla  and  going  in  an  iipward  direction  to- 
ward  the  nasolabial  sulcns  and  stopping  at  a  point 
within  1  cm.  of  tho  ala  of  the  noše.  From  the 
upper  extr6mity  of  this  incision  he  atarts  an- 
other,  which  runa  obliquely  downward  and  inward 
tow8rd  the  horder  of  the  lip,  This  incision 
reaches  to  but  not  through  the  vennilion  border, 
a  certain  auioiint  of  wbich  is  preserved,  and  this 
he  detaches  by  trauBtixioii,  cutting  ontward  nntil 
he  nieets  the  angle  of  the  mouth.  Thna,  a  little 
tongiie  is  formed,  attaehed  by  its  inner  eirtremity 
to  the  npper  lip,  which  ia  »sed  to  restore  the  angles 
of  the  niouth  to  an  "escellent  condition" ;  and  this 
he  considers  the  moat  delicate  part  of  a  total  re- 
moval of  tbe  lip. 

Figure  55  shovvs  the  traces  of  the  incision,  in- 
cluding  that  of  the  little  strip  of  vennilion  border 
destined  to  repair  the  angle.  Great  čare  inuat  be  taken  to  cut  the  flaps  exactly 
alike  and  to  give  them  oxactly  the  same  length  and  size,  to  insuro  a  s_ymnietrical 
oew  innnth.  Ali  the  soft  parta  must  be  neativ  cut  folloving  the  akin  incision, 
I  and  the  2  flapa  kept  of  the  same  dimensions  throughout.    It  ia  hardly  nece8sary 
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to  uae  any  ligaturea. 

Figure  50  shovs  on  one  side  the  flap  drawn  aside  and  on  the  othcr  side  the 
kp  fEuteoed  in  its  permauent  pusition.    It  shovvs,  too,  the  shapo  of  the  a 
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reaiilting  from  tho  cliaugu  of  position  uf  tla-  Haps  umi  Hiiiall  strip  of  vennilion 

border  detaclied  from  the  upper  lip. 

The  rtaps  are  antiired  to  eauli  otlicr  in  tho  luiddlc  line  hv  3  layera  uf  silk 

sutiin-s,  tlif  tirat  jittaoliing  the  ekin  and  nmaciilar  luver,  thp  sepood  the  mucoua 
incniliraiie.  The  stitehes,  as  ahoivn  in  Figure  5", 
ure  Iheii  inserted. 

\Vlien  tlie  upper  borders  of  the  flaps,  which 
iiow  form  the  free  border  of  the  lower  lip,  appear 
to  1)6  too  thick,  which  Hometimes  happens,  espe- 
cially  near  the  aiigles  of  the  moiith,  it  will  be 
iiweasary  to  thiu  them  down  bv  excisin(^  Riillieient 
fat,  iniisciilar  fiber,  and  };Iaud  tissiie  to  acrciiniplish 
the  tbinning.  The  two  strips  of  vemiilinii  border 
alread_y  describe*!  are  fastened  to  the  Hap  witli 
verv  Hne  silk.  Speciai,  tino  silk  sntnres  imiHt  be 
used,  botli  on  the  skiu  and  on  the  muoous  mem- 
brane. Morestin  tinds  the  resnlt  of  thia  operation 
uauall,y  favorable.  The  upper  lip,  whidi  ia  often 
stiff  at  first,  rapidlv  becoines  siipple.  The  lower 
lip  will  sometimee  contimte  to  be  a  little  heavv 

and  rigid.    The  defect  is  only  temporary,  and  at  the  end  of  a  certaiii  lenpth  of 

tinie  will  usuallj  adjuat  itself.     If,  however,  the  lip  eontinues  too  thick,  he 

corrects  thia  by  some  retouches  done  under  local  anesthesia.     Usuallj  tbia  is  not 

necesaiirv.     The  mouth  is  s,vmmetrieal,  the  anjjles  keep  their  mobilitv,   and 

the  2  lipa  approxiniate  eacli  other  perfectl.y.  and 

alao  there  ia  no  dribbling  of  šaliva  aa  frequeDtly 

happena  in  other  tvpea  of  cheiloplastv. 

MoreBtitt's  Operation  for  Very  £xtenBive  Loss  of 

Substance  of  the  Two  lips  and  part  of  the  Cheek. 

— llalf  of  Ihe  upper  lip.  nearlv  ali  "f  tiit  Iow(t 

lip,  a  large  part  of  the  riplit  eheek,  and  iiearlv  ali 

the  ooveringa  of  the  chin  have  been  removed  (Fig. 

58).     To  close  this  defeet,  the  oppoaite  cheek  eaii 

be  made  uso  of,  if  this  ia  soft,  and  espeeially  if  the 

patient  ia  old  and  bas  flabby  tissuea.     The  cheek 

ia  transfomied  into  a  hiige  flap,  of  which  the  aii- 

terior  part  nmst  be  pulled  to  the  opposite  side  aa 

far  aa  the  posterior  limita  of  the  miasinp;  area. 
Two  loDfi  horizontal  incisiona  parallel  to  each 

other  are  made,  the  first  from  the  upper  part  of 

the  cheek,  grazing  the  nialar  bone,  the  other  in  the  iieighborhood' of  tlie  inferior" 

maxilia.     These  cuts  are  made  dowii  to  the  masBcter  miiscle.     The  mucoosi 

membrane  is  cnt  at  the  bottom  of  the  buco-alveolar  jiiiiction  for  ita  ■whole« 

length.     Everything  that  iuterferea  with  the  free  movement  of  this  fiap  musts 
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be  cut.     Even  the  posterior  attachmeuts  of  the  buccinator  miiscles  may  be 
vertically  cut  withoiit  hesitation. 

Ijecause  of  these  very  exten8ive  freeings,  the  enormous  flap  is  susceptible 
of  eonsiderable  elongation  and  can  be  made  to  pasa  froni  one  side  of  the  face  to 


Fio.  58. — MoRESTiN*8  Opera- 

TION     FOR      EXTEN8IVE    L088 

or  Substance  op  the  Lips 
AND  Chebk. 


Fig.  59. — Morbbtin'0  Opsra- 
TioN.  Showing  flap  drawn 
over  to  opposite  side. 


Fig.  60. — Morbstin^b  Opdu* 
TioN  Showino  Flap  Sutubb 
and  New  Mouth  Formed. 


the  other.  It  forms  a  sort  of  a  veil  (opercule)  falling  in  front  of  the  teeth  down 
to  the  chin  (Fig.  59).  The  inferior  border  is  not  sutured  until  later,  in  order 
to  make  provision  for  nourishment.  The  siituring  is  finished,  and  after  a  few 
davs  a  window  made  which  becomes,  after  the  suture  of  the  mucous  membrane 
to  the  skin,  a  sort  of  new  mouth  (Fig.  60).  The  čase  chosen  here  is  a  very 
extrenie  one,  but  more  often  a  much  slighter  de- 
formity  is  presented. 

Dowd's  Operation   (Fig.    01). — This   operation 
(3)  gives  exeellent  results  and  is  recommended  as 
the  best  proc^edure  if  the  whole  operation  is  to  be 
perfomied  at  one  time.     As  the  lymph  glands  and 
snbmaxillary  glands  are  so  intimately  connected,  it 
is  alvvavs  best  to  remove  the  submaxillary  gland. 
Xo  bad  results  have  yet  been  reported  bv  so  doing. 
The  incisions  G  H  and  CD  should  be  made  first  and 
the  glands  removed  before  the  growth  is  removed 
and  before  the  incisions  involving  the  mucous  mem- 
brane are  made,  taking  čare  to  leave  a  eonsiderable  anionnt  of  tissuo  attached 
to  the  prominence  of  the  chin.     An  excolloiit  (»xposun*  of  th(»  submental  and 
8ubmaxillary  spaces  is  ^'     '*»^.     If  the  ghmdular  iuvolvement  is  (»xtensive, 
the  dissection  will  h;  d  laterallv  as  far  as  the  great  vessels.     The 

a  of  the  facial  necessarv.     Tf  i)ossil)]e,  the  facial  arteries 


Fio.  01. — DowD'ft  Operation. 
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FiQ.  62. — Jak8CHe'8  Operation. 


should  be  preserved,  altbongh  it  ia  reported  by  l)f»wd  tbat  tbeir  ligation  does 

not  seem  to  interfero  witb  tbe  vitalitv  of  tbe  lip  flaps.     After  tbe  glands  are 

removed  and  tbe  veins  li^ated,  tbe  incisions  A(/  and  GF  are  made  and  the 

y  ^rowtb  removed.     A  space  of  at  least  Vl>  «r,  better, 

(^^^     ^J  %  in.  of  bealtbj  tissue  nmst  exi8t  between  the  edge 

of  tbe  growtb  and  tbe  ineision.  If  tbe  growth  is 
near  tbe  angle  of  tbe  montb,  it  wi]l  l)e  neoessarv  to 
reniove  some  of  tbe  tissne  of  tbe  ebeek  to  aec^mplisb 
tliia,  in  wbieb  čase  incisions  AB  and  FE  are  theii 
made,  of  a  lengtb  sufficient  to  allow  tbe  easy  appo- 
sition  of  tbe  surfaces  AC  and  FG. 

Jae8che's  Modifioation  of  Dieffenbach'8  Method 
(Fig.  62). — Two  horizontal  enlarging  incisions  are 
made  at  the  buceal  angles  of  the  moutb,  to  wbich  are  added  2  longitudinal 
incisions  at  an  outward  angle.  Tbe  enlarging  incisions  at  tbe  bnccal  angles 
are  made  to  extend  no  deeper  than  the  mucosa,  whicb  is  dissected  off  a  little 
higher  up,  corresponding  to 
the  dotted  lines  in  Figure 
62.  This  flap  of  mucosa  at 
tbe  buceal  angles  is  utilized 
on  each  side  for  8upplying 
the  vermilion  border.  A 
flap  at  only  ono  side  may 
suffice  to  fill  tbe  gap  if  the 
defect  is  small. 

Syine  's  Method  ( Fig. 
63). — From  tbe  apex  of  tbe 
triangle,  make  2  curved  in- 
cisions of  sufficient   lengtb 

to  allow  tbe  sides  of  tbe  triangle  to  assume  a  horizontal  position  without  tension, 
wben  tbe  flaps  are  lifted.  The  incisions,  if  made  to  follow  tbe  inferior  border 
of  tbe  lower  jaw,  will  leave  little,  if  any,  scar. 


Fig.  63. — Symb'8  Operation. 


Fio.  64. — E8tlander'b  Operation. 


Estlander^s   Method  (Fig.  64). — Lateral  triangular  partial  defects  of  the 
lowcr  lip  are  very  efficiently  closed  by  a  flap  cut  from  the  upper  lip,  which  is 
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Fio.  65. — SiDiLLOT'8  Opsration. 


nourished  from  a  bridge  of  tissue  left  at  the  lip  margins.     This  flap  is  iifted 

and  tumed  into  the  defect  of  the  lower  lip  and  the  wound  elosed  hy  sutnres. 

By  taking  an  analogous  flap 

from   the  lower   lip,   the  \      j*u^>«\ 

same  method  can  be  utilized 

f  o  r   cheiloplastics   of   the 

upper  lip. 

SčdiUofs  Hethod  (Fig. 
65  ) . — Two  inf erior  flaps 
are  formed  from  the  lat^ral 
region  of  the  cheek  and 
chin,  by  c  u  1 1  i  n  g  in  a 
straight  line  from  the 
buccal  a  n  g  1  e  s  downward, 
throngh  the  entire  thickness 
of  the  soft  parts.  Two  sec- 
ondarv  parallel  incisions 
w  i  t  h  connecting  incisions 

are  then  made.  The  base  of  the  flap  or  its  connecting  bridge  is  situated  at  the 
angle  of  the  mouth.  This  method  is  equally  applicable  for  cheiloplastics  of 
the  upper  lip. 

Halg^gne  Hethod. — See  Figure  66. 
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PLASTIC  SUBOERT  OF  THE  UPPER  UP 

Aside  from  harelip  operations,  plastic  procedures  upon  the  upper  lip  are 

much  more  rarely  required  than  on  the  lower  lip.     Small  defects  of  the  upper 

lip  can  be  readily  repaired  by  freshening  the  edges 
and  drawing  together  the  skin  and  deeper  parts 
by  properly  applied  sutures,  as  shown  in  Figure 
67. 

Large  defects  may  be  repaired  by  the  double 
curved  incisions  of  Dieffenbach  (Fig.  68).  This 
operation  consists  of  2  incisions  on  each  side. 
The  first  begins  at  the  apex  of  the  defect 
and  follow8  completolv  around  the  ala  of 
the  noše.  At  the  upper  end  of  this  incision 
the   other   one  begins   and    in   an   inverse  curvc 

reaches  toward  the  cheek  as  far  as  is  necessarv  to  allow  the  flap  to  fill  the 

defect. 

For  the  complete  restoration  of  the  upper  lip,  the  method  of  Sedillot  by 

vertical  flaps  (Fig.  69)  or  that  of  Szymanowski  by  lateral  flaps  (Fig.  70)  is 

recommended. 


Fio.  67. — Method  of  Repaib 
OP  Small  Defect  in  Upper 
Lip  bt  Frehhenino  the  Edoes 
and  suture. 
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Fig.  68. — 1)ikfpenbach'8  Operatiun. 


Fig.  69. — 8Adillot'8  Operation. 


^iiiil'^ 


Fig.  70. — Szymanow8Ki'8  Operation. 


The  techuic  of  tliese  operations  and  the  formation  of  tlie  vermilion  border 
on  the  new  lip  are  the  same  as  deseribed  under  Plastic  Surgerv  of  the  Lower  Lip. 


PLASTIC  SURGERV  OF  THE  EAR:  OTOPLASTT 


MAU^OBMATIONS   OF   THE    LOBULE 

These  malforniations  usnallv  consist  of  an  cnlargenicnt  of  the  lobiile  in  ali 
directions,  and  aro  bost  oorrected  bv  Josepirs  niethod  (Fi^.  71).  The  line  of 
the  incisions  shoiild  bo  (»arofnllv  markod  ont  on  the  skin  before  beginning  the 
operation,  eapooiallv  if  both  oara  are  deformed.  When  this  is  not  done  it  is 
verv  difficult  to  got  a  j^vniniotrical  rosnlt. 

The  bleeding  is  profuse,  bnt  easilv  controlled  by  the  sntnres.  !N*o  ligatures 
need  bo  \isod. 

Ono  of  tlio  advantages  of  Toseph's  operation  over  the  one  usnallv  practiced 
— flio  simple  resection  of  a  wedge-shaped  piece  from  the  lower  edge  of  the 
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Fig.  71. — JoaiPB'B  MrraoD  kk  Duiihibsuiu  8ttK  or  Eni.abobd  Lobitl,!. 

lobiile — licij  in  the  prevention  of  the  postoperativc  notch  formed  on  the  edge  of 
tlie  ear  by  the  contraction  of  &  linear  acar. 


UAUOBUATIONB   OF   THE    JUnuOLE 

Abnormal  Enluffeinent  of  the  Ear  (Haorotia). — This  defoTmity  is  satisfac- 
torilv  trpated  by  either  the  Kolle  method  (Fig.  72)  or  the  Parkhill  method 
(Fig.  7.1),  conibiiicd  witli  tbe  .Toseph  inetbod  for  the  lobule,  if  necesaarj. 


Fio.  72. — KoLLi'i>  Opkhatiun 


Čare  must  be  taken  to  plan  the  incisions  curcfu1Iy  bcfore  beginuing  thu 
operation,  and  also  to  make  clean,  ncat  cuts  with  a  verv  sharp  scalpel  in  order 
that  tbc  resulting  scar  ehall  bc  m  incoiiapiciums  as  possJble. 

AbitonnaIly  Smtll  Ean  or  Abunce  of  the  Ear  (Kicrotia). — Tliis  is  a  rare 
oondition  and  bas  not  yet  been  satisfactoril^  treated  by  plaetic  surgery.    Me- 
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Fto.  73. — PAitKRiu.'a  Oper&tiok 


chaiiical  prothesis,  that  is  to  8ay,  the  vvcaring  of  an  artificiat  ear,  which  has  bt^^'' 
well  modelcd  and  colored,  attachcd  to  the  head  by  mcans  of  epectacles  or  clamj^** 
ia  cosmetically  much  better  than  any  rcsult  obtaiiied  by  plastic  Burgerv. 


HAIfOSinON   OF  THE  AUBIOLE 

Thie  condition  calls  £or  eurgical  treatment  when  an  exeefiBively  wide  an^S" 
esists  bctvvecn  the  auricle  and  the  side  of  the  head,  with  the  ear  atanding  »  '*-'* 
and  tho  upper  portion  of  the  auricle  itaua]ly  curvi«;^* 
forward.  In  early  childhood  when  this  condition  ^■■ 
secn  to  be  developing,  it  raay  often  be  arrested  om^*-  ' 
perinanentlv  coirectcd  by  theapplioation  of  a  fir"'"*^'' 
bandage  or  cap  over  the  eara,  whicb  muat  be  wo'^^ 
cnntinuousiv,  hoivever,  and  not  onIy  at  ni^t,  as  * 
naHally  done.  If  the  condition  8howa  no  impro«?"* 
inent  as  the  result  of  this  treatment,  the  remo*^^* 
of  iin  elliptical  area  of  the  skin  over  the  soft  o^^c*- 
pliable  cartilage  at  the  hack  of  the  ear  will  dr*:*-" 
the  ear  into  a  good  position,  and  will  be  aH  tt""-* 
is  neecssarv  in  tbe  čase  of  young  childreo.  (F"  ■# 
74.-) 

Kolle'i  Method  (Fig.   75).— This   method   (1.    ■* 
the  writer  recoramends  for  adults.     It  ia  simple  »*'*^ 
gives  exce]ient  results. 


"An  iiicisi<in  is  maSc  along  the  wholc  of  the  baok  of  the  ear  aa  far  dovn  m  t^ 
sulcus,  where  the  rotro-aural  integument  joins  that  of  the  neck. 
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"Tho  incision  should  involve  the  skin  oiily,  and  vary  froin  three-fourths  to  one- 
half  an  inch  from  the  outer  border. 

"At  onee,  the  blood  will  ooze  from  the  line  of  incision.  The  operator  now  presses 
the  ear  haokvvard  on  the  baro  skin  of  the  head,  leaving  an  imprint  of  the  bleeding  line 
on  the  skin  there. 

"A  second  incision  is  made  along  this  line,  giving  the  total  outlining  incision  a 
heart-shaped  form,  as  shovvn  in  Figure  75. 

**The  skin   within   this  area   is  now  disseeted   up  quiekly.     .     .     .    The   wound 


Fiofl.  75-76. — Kolle's  Operation  roB  Malposition  op  Auriclb.    Shaded  area  show8  amount  of 

oartilage  to  be  removed. 


should  bo  large  enough  to  over-correct  the  fault,  or  the  ear  springs  out  more  or  lesa 
when  healed. 

"Sutures  are  now  introduced.  When  necessary,  one  or  two  catgut  sutures  are 
taken  through  the  concha — ^not  going  through  the  anterior  skin,  however — and  the 
deeper  tissue  back  of  the  ear  and  tied.    These  hold  the  cartilage  in  plače." 


Before  the  ekin  is  siitured,  if  the  ear  has  the  least  tendencv  to  sprinjz  back 
into  its  former  position,  a  piece  of  cartilage  must  be  removed,  elliptical  in  shape, 
as  shown  in  Figure  76.  Tn  doing  this,  čare  mnst  be  taken  not  to  biittonhole 
the  skin  on  the  anterior  side  of  the  ear. 

Internipted  sutures  of  verv  fine  ehromic  giit  are  then  paased,  approximatinir 
the  cut  edges  of  the  cartilage,  after  wliich  tlie  skin  edgea  aro  closed  bv  fine  silk 
OT  ehromic  gut  stitches.  As  the  result  of  removing  tho  sort  ion  of  oartilage, 
a  ridge  of  skin  will  be  formed  on  the  front  of  tho  oar.  This  will  ofton 
oODtraet  and  disappear  in  the  course  of  tinio,  but  in  oaso  it  should  porsist, 
it  ift  ft  very  aimple  matter  to  escise  this   small    dofoet  bv    a   aecondarv 


r.o« 
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PLASTIC  SUBGEBY  OF  THE  CHEEK8:    MEL0PLA8TT 


For  the  replacement  of  a  losa  of  substance  of  the  cheek,  a  large  number  oi 
plastic  procedures  have  been  suggested,  froni  simple  approxiniation  with  suturc 
of  the  verv  riexible  woiind  niargins  in  minor  injiiries,  to  the  formation  of  j^^" 
dunculated  flaps  froni  the  frontal,  temporal,  maxillary,  or  mental  regions  fo^ 
the  correction  of  more  serioiis  defects.     Skin  transplantations  are  sufficient  fc:>^ 
the  closure  of  supcrficial  defects  limited  to  the  external  skin. 

The  replacement  of  the  cheek  is  a  surgical  problem  of  less  simplicitj  tl»-  ^ 
one  might  imagine,  and  stili  awaits  an  entirely  satisfactorj  solutiou.    The  s^"^ 

called  anaplastic  Indian  or  Italian  methods,  vhfe  ^ 
ntilize  2  single  flaps  or  1  donble  flap,  are  both  coi 
plicated  and  unreliable.  ^umerous  procedu 
have  been  recommended  which  are  not  free  froi 
disadvantages,  such  as  the  insufficient  nutrition  an  ^ 
low  vitalitj  of  a  flap  which  is  nourished  onlv  \^J^ 
means  of  a  connective  tissue  pedicle.  This  is  al»-* 
true  of  the  methods  of  Gersuny,  Kraške,  an  -^ 
Thiersch,  which,  however,  have  the  advantage  c^ ' 
eatising  only  slight  surgical  injuries.  Imperfecr^ 
nutrition  of  a  flap  exposed  to  infectious 
throtigh  the  inevitable  presence  of  baeteria  lea 
almost  invariably  to  negative  results,  and  for  tb 
reason  failures  have  been  known  to  follow 
methods  of  Czerny,  Israel,  Hahn,  and  Ombredann' 
whose  operations,  moreover,  jield  rather  imperfect  cosmetic  results  becau 
of  the  unnecessarily  large  and  hypertrophic  flaps.  Other  procedures,  H 
those  of  Bardenheuer,  Schimmelbusch,  Monod,  and  Vanvert,  while  more  re 
able,  involve  very  considerable  surgical  damage  and  leave  a  large  amount 
scar  tissue  about  the  face  and  neck.     It  is  an  additional  drawback  that 

several  of  these  methods  hairy  skin  flaps  are  made  to  take  the  plače  of  mucoi ^ 

membranes. 

Careful  attention  must  be  given  in  ali  cases  of  meloplastics  to  the  avoidan^^^ 
of  distortion  of  the  lower  evelid  and  the  upper  lip. 

The  operator  has  at  his  disposal  a  variety  of  plastic  procedures  whi«:r:^ 
utilize  the  external  skin  for  the  covering  of  extensive  penetrating  defects  ^^^ 
the  cheek  for  the  replacement  of  the  mucosa,  as  well  as  of  the  outer  sk^^ 
covering. 

Israers  Operation. — A  relatively  simple  and  convenient  niethod  of  rm^^ 
})]astics  is  that  rccommende'd  by  Israel  (10).     In  the  first  step  of  the  operatii>^ 
the  nnicosa  is  rcplaeed  by  a  verv  long  pedunculated  flap,  which  is  taken  i^^ 
the  neck,  reaching  from  the  front  of  the  ear  in  the  maxillary  angle  as  far  doWD 
as  the  clavicle,  if  necessary  (Fig.  77).     This  is  tumed  with  the  skin  surface 


Fio.    77. — I8RAEL'8    Operation 
(1).  Position  and  shape  of  flap. 
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Fio.  78. — l8BAEL's  Operation 
(2).  Flap  tumed  aod  sutured 
into  gap. 


inward  and  allo\ved  to  lieal  in  tho  gap  (Fig.  78).     The  nec.k  wonnd  i«  drawn 

together  as  8hown. 

In  tho  second  step  of  the  operation,  which  takcs  plače  at  the  end  of  from  14 

to  1 7  da vs,  the  pediele  is  cut  through  and  tiirned  on  itself  over  the  raw  surf aee 

of  the  healeil-in  flap  with  the  skin  side  now  out,  where,  after  thoroughlv  scrap- 

ing  off  the  granulations  which  have.fomied  on  the  expo8ed  raw  surface,  it  is 

sutured  in  plaee  with  drainage  (Fig.  79)  and  forms 

the  new  cntaneous  stirface  of  the  cheek. 

One  of  the  chief  advantages  of  IsraeFs  method 

of  meloplastics  lies   in  the  simplified   after-treat- 

nient;  the  patieht  is  not  ohliged  to  hohl  his  head  in 

a  fixed  or  inconvenient  position  for  anv  length  of 

time,  aa  ia  inevitable  in  the  method«  of  Hahn  and 

Hacker,  where  the  flap  is  fonned  from  the  skin  of 

the  rhest. 

Hahn'«  Operation. — In   Ilalui^s   procedure,   the 

flap  is  fonned  from  the  skin  of  the  chest,  the  base 

beginning  at  the  clavicle,  and  its  end  Ijing  near  the 

liipple.    The  nutrition  of  the  flap  is  the  weak  point 

in  this  method. 

Eacker'8  Operation.— The  chief  advantage  of  the 

procedure  used  by  Hacker  lies  in  the  favorable  blood  supply  of  the  flap  formed 

as  he  recommends  (7).    A  flap  is  taken  from  the  skin  of  the  chest,  having  its 

pedicle  and  base  at  the  stemal  margin  and  running  parallel  with  the  ribs 

toward  tho  shoulder  (Fig.  81).     This  method  is  specially  indicated  in  cases 

requiring  secondary  plastic  operations,  owing 
either  to  the  partial  failure  of  the  first  meloplastic 
or  to  the  nece8sity  for  another  excision  of  tissues 
in  recurrent  malignant  growths  of  the  surround- 
ings.  The  position  of  the  head  is  necessarily  awk- 
ward  for  the  first  fortnight,  but  it  is  extremely 
important  to  avoid  displacement  or  traction  upon 
the  flap  because  of  the  danger  of  marginal  necrosis. 
The  fixation  of  the  head  may  be  accomplished  in 
several  ways,  which  mav  be  left  to  the  ingenuity 
of  the  operator.  Ilacker  cautions  against  over- 
constriction  of  the  thorax  by  the  fixation  bandages. 
especially  in  aged  patients. 

Lexer'8  Method. — The  use  of  a  temporofrontal 

flap  is  given  the  preference  bv  Lexer  (16).     For 

the  substitution  of  tho  beard,  a  strip  of  the  hairv 

Ip  is  included  in  the  portion  of  the  flap  which  eomes  to  lie  on  the  outside  of 

the  oheek. 

9  HMIunL — Lo  bod  is  a  ne\v  procediire  for  the  substitution 


Fio.  79. — Ibrakl'b  Operation  (3). 
Second  starše*  Pedicle  cut  and 
flap  tumed  on  itself  and  sutured 
with  draiiuMse. 
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Fio.  80. — Ihrael'8  Operation  (4).   Trans- 
verse  section  of  Figure  79. 


of  tho  clieoks,  aiid  has  bc^eii  receiitlj  pnblisbed  by  bim  (15).  It  offers  the  fol- 
lo\viiig  advaiituiros :  (1)  It  is  practicall.y  devoid  of  danger.  (2)  It  can  bo 
perfonnod  in  2  or  .S  stages,  iiiidor  siinple  loeal  anestbesia.     (3)  The  flaps  an» 

highlv  vascularized  and,  therefore,  extreme- 
ly  viable.  These  flaps,  by  virtue  of  their 
constitution,  meet  ali  the  requiremeiit8  ea- 
pecially  well,  as  their  mucous  lining  is  pe^ 
fectly  adapted  to  their  phy8iological  func- 
tion,  while  f  rom  the  cosmetic  point  of  Tiew 
the  skin  of  the  lip  resembles  that  of  the 
cheek  more  closely  than  any  other.  The 
extent  of  the  operation  is  govemed  by  the 
exi8ting  loss  of  substance.  The  procedure 
mav  be  advantageoiisly  used  in  combination  with  other  flaps  in  those  cases 
\vhere  a  more  extensive  operation  is  necessarv. 

This  new  method  wa8  succe8sfully  empIoyed  in  a  čase  of  cancer  of  the  left  chedi 
of  a  man  62  year8  of  age  and  requiring  the  ablation  of  the  entire  cheek.  Und*^ 
infiltration  anesthesia  (40  gr.  novocain,  solution  1 :  200),  the  tumor,  which  involved  '^^ 
entire  cheek,  was  excised  about  2  cm.  beyond  its 
margins,  thus  ablating  the  entire  cheek,  from  the 
malar  bone  to  the  lower  margin  of  the  inferior 
maxilla,  and  from  the  end  of  the  lip  to  the  an- 
terior  bundles  of  the  masseter  muscles,  which 
were  also  excised  (Fig.  82).  In  the  middie  of  the 
posterior  margin  of  the  surgical  gap  the  stump  of 
Steno's  duct  was  found  and  was  at  once  stitched 
with  2  sutures  to  the  margin  of  the  mucosa  of 
the  ablated  geniomandibular  sinus.  At  the  lower 
margin  of  the  gap  the  skin  under  the  8ubmaxil- 
lttry  8pa(;e  was  mobilized  for  the  rcmoval  of  the 
infiltrated  lymph  nodules.  This  completcd  the 
first  part  of  the  operation,  and  it  was  now  neces- 
8ary  to  replace  the  extensive  loss  of  substance 
which  exposed  the  2  left  dental  arohes  begi nn ing 
with  the  canines.  Two  flaps,  derivcd  from  both 
lips,  were  extensively  and  sufficiently  mobilized 

for  the  plastic  substitution  of  the  defect.  To  make  this  possible,  2  horiaonUl  Vk- 
eisions  \vere  applied  at  the  level  of  the  duplication  of  the  mucosa  of  the  liMO* 
alv(H)lar  sinus.  The  lips  were  then  severed  in  their  entire  thickness,  the  inciflions 
beginning  at  the  operative  gap  and  extending  through  the  right  cheek  until  dose 
to  the  anterior  margin  of  the  right  masseter  muscle.  This  served  to  mobiliw  « 
flap  with  a  mucous  lining,  derived  from  the  lips  and  the  corresponding  se^ent  of 
the  right  elioek.  By  means  of  gentle  traetion,  the  free  ends  of  the  labial  stump* 
could  be  placed  in  eontact  with  the  excised  mucosa  of  the  geniomandibular  sinus  »na 
the  eorrespondiug  skin  of  the  left  masseteric  region.  The  labial  mucosa  was  then 
sutured  to  the  alveolar  mucosa  with  paramucous  sutures,  and  the  labial  skin  was 
stitched  wit}i  silk  sutures  to  the  skin  margins  of  the  gap  in  the  cheek.  The  niouth 
opening  thus  came  to  lie  entirely  on  the  left  side,  with  the  right  bucc^l  angle  at  the 
middie  line,  the  labial  margins  lying  across  the  left  side  of  the  face,  8howing  the  left 


Fio.  81.— Hacker*8  Opibahoh. 
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dental  arches  through  the  rather  drawn  and  distorted  mouth  cleft  (Figs.  83  and  84). 
The  new  left  buccal  angle  came  to  lie  at  the  anterior  margin  of  the  left  masseter,  at 
the  point  where  the  stump  of  the  ablated  Steno'8  duct  had  been  implanted.  The 
sutures  were  removed  on  the  eighth  day.  With  the  exception  of  the  left  buccal  angle, 
where  some  sutures  had  given  way  on  acoount  of  the  flow  of  šaliva,  the  entire  wound 

had  healed  by  first  intention.     The  sec- 

ond  and  third  step  of  the  operation,  for 

the  reestablishment  of  the  mouth  open- 

ing  in  the  middle  line,  were  postponed 

until  the  wound  had  complotoly  hcalcd. 

Theso   2    simplc   supplomentary    opora- 

tions  wcro  porformed  under  local  anos- 

thesia  at  intervals  of  several  day8,  the 

first  consisting  in  an  incision  through 

the  entire  thickness  of  the  right  cheek, 

about  3  cm.  in  length,  beginning  at  the 

right  buccal   angle.     The  mucosa   was 

stitched  to   the   skin,  and   the  red   lip 

margin  was  reestablished.    At  the  third 

operation,  the  lip  margin  was  freshened, 
thus  removing  the  vermilion  border,  and  incisions  were  made  freeing  the  mucosa  in 
both  the  upper  and  lower  lips,  reaching  from  the  left  buccal  angle  to  approximately 
3  cm.  to  the  left  of  the  middle  line.  Paramucous  and  cutaneous  sutures  were  applied, 
reestablishing  a  new  cheek  through  the  connection  of  the  2  labial  strips  (Fig.  85). 
Healing  proved  again  most  difficult  in  the  region  of  the  left  buccal  angle,  where  a 
small  fistula,  due  to  the  fiow  of  šaliva,  persisted  for  some  time.  Two  months  after  the 
first  intervention,  the  patient  wa8  free  from  any  pronounced  or  disfiguring  cicatrix. 
The  left  cheek  was  covered  with  hairy  skin,  the  buccal  opening  was  of  normal  size  and 
functionated  well.  The  dental  arches  can  be  separated  by  IVi  cm.  in  the  middle  line 
without  difficulty.  The  opening  angle  of  the  jaws  is  increasing  daily  in  consequence 
of  the  gradual  mechanical  dilatation. 


Fig 


82.— Lkrda*8  Op- 
eration (1). 


Fio.   83.— Lkrda'8  Op- 
eration (2). 


Hotchkiss'«  Operation  (9). — ^This  is  an  excelleiit  method  for  an  extensivc 
defect,  and  hae  given  most  satisfactorjr  reeults  in  the  hands  of  several  operators. 

In  the  čase  deseribed  by  the 

author    (Fig.   86)    the  defect, 

bonnded  by  the  upper  horizontal 

line  and  the  dotted  curved  line, 

wa8  the  result  of  the  excision  of 

an     exten8ive    infiltrating    carci- 

noma,  which  necessitated  the  re- 

moval  of  a  part  oftlie  inferior 

maxilla.      The   operation    can   be 

divided  into  five  steps:     First,  a 

vertical   incision   was   inado   from 

the  posterior  ond  of  tho  liorizoiital 
line,  which  fonned  the  inferior  boiindarv  of  th(»  drtVct,  thr(ni«»:l»  tlio  siiperficial 
parts,  of  a  leiigth  soniewhat  greater  tliaii  tlie  total  liciulit  of  the  dofoct.     Sooond, 
from  the  inferior  end  of  this  last  incision  a  horizcuital  incision  was  made  of  a 


Fio.  84. — Lerda*8    Opera- 
tion (3). 


Fio.  85. — Lerda'8   Op- 

KliATION   (4). 
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lengtb  about  equal  to  the  width  of  the  defect.  Third,  another  vertical 
beginning  from  the  anterior  eod  of  this  last  incision,  wa3  tnade,  exte 
most  down  to  the  clavicla    Fourth,  the  flap  formed  bv  these  incisions  wi 


Fia.  86. — Hotchijbb'b  Opera-     Fiu.    ST. — HoTCHKias'e   Opeka-  Fia.    88. — Hotchkibi 

TIOH  (1).     Shovins  Bmount        tion  (3)!      Showiiis  flkp  lift-  tiom    (3).      Sbotrii 

ot  defect  and  incuiDiu.                 ed  and  tumed  outwKrd,  giv-  tated  uid  nitured  il 

ing   expomira   ot   deep   struo- 

ture  of   neck. 

with  the  platysma  muscle,  and  tumed  in  an  outward  and  anterior  < 
expoaiQg  the  Iymphatic  and  salivarj  glauds  of  the  neck,  which  wero 
(Fig.  87).  Fifth,  the  fiap  wa9  then  rotated  upward  into  the  defect  ai 
with  throiigh  drainage  I 
in  Figure  88. 


aerian7't    Xodifl( 
Eraake'i  Hethod.— This  m 

giveii  exi'e]lent  results  and 
recoiiimended.  The  failui 
have  oecurred  have  been  du< 
fereiioe  with  the  nutrition  o 
either  betiaiise  the  pedicle 
small  or  bentuse  the  btood  si 
shitt  ofF  ivheii  the  S&p  wi 
back  upon  itself. 

Tho  first  step,  aftei 
freshened  the  edges  of  th 
is  to  outline,  on  the  lowe 
the  cheek  of  the  same  side 
slightlv  larger  thau  the  i 
he  fiUed  (Fig.  89).  Se< 
skin  and  siibcntaneous  tissue  are  inclsed  arouud  the  projeeted  flap  dov 
inuacle.  The  fiap  is  then  lifted  from  the  auhjucent  tissues,  leaving, 
a  bridge  of  tiaaue  of  the  anterior  upper  edge  of  the  flap  to  serve  aa  a  1 


PlO.      86. — KBAeKE-GBBBDNT   Operation    (1).    Shoff' 

ing  edgea  of   defect  faatener  nnd  inciaion  for  for 
mation  of  flap  made. 


ATJTOPLASTrrS    OF    TIIE    OIIEEK    RKGTON  r.n 

Third,  the  flap  is  turned  in  an  upward  and  oiitwBrd  direction,  hingiii^  on 
the  bridge  of  tissue  and  placed  in  the  gap,  the  akin  taking  the  plače  of  the 
missing  mucous  membrane  (Fig.  90). 

Fourth,  the  flap  is  sutured  into  plače,  inserting  first  the  sutnrea  8hown  in 


Fig.  90. — KaABii.GBRavKY  OrittATtoN 
(2).  Showiiis  Hap  turned  into  the 
defect  by  hiii;nns  at  the  upper  kod 


lo.  91. — Krahku^Gerbunt 
TioN  (3) .  Showiii|!  flap  in 
uid  firat  Bulure  iiiscrted. 


Figure  91.  The  skin  is  closed  over  the  raw  surface  as  mitch  aa  possible,  and 
the  wound  is  drained  with  mbber  tiasue. 

EimRToli-Koleralnp  Operation. — Thia  operation  consists  of  3  large  flapa  (Fig. 
'J2,  A)  thoroiiglily  freed,  which  are  drawn  toward  each  other  and  sutured  as 
ahown  in  Figure  i>2,  B. 

As  no  provision  lias  been  inade  in  this  operation  for  an  epitiielium  Hning 


to  the  inner  aide  of  the  flaps,  the  rcsiilts  of  the  operation  are  grnerallv  faultv. 
Mncli  coiitraction  of  the  scar  soon  follows,  acconipanicil  hv  iloforriiitv  of  tlie 
mouth. 

AUT0PLA8TICS  OF  THE  CHEEE  REGION 


Gnisenbaner'*  Operation  for  Cioatricial  Uaxillary  Occlusion  (22). — This  pro- 
ceduro eonsiats  in  tlie  division  of  tlie  clierk  aiiii  tlie  iitiphintiiticHi  of  donble 
Haps  into  tlie  defect,  and  is  onlv  fcasiblc  wlien  a  MiitJicient  aiiiount  of  licalthj' 
84 
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skin  is  available.  Tn  the  čase  of  the  deforinity  of  a  7-year-old  boy,  a  flap 
measuring  4  cm.  anteriorly  and  6  cm.  posteriorly  was  formed  from  the  skin  of 
each  cheek.  These  flaps  were  dissected  free  as  far  as  the  masseteric  margin, 
where  they  retained  their  pedicles.  The  subcutaneous  soft  parts  of  the  cheek 
and  the  cicatrices  of  the  old  woimds  (the  results  of  ulcerative  stomatitis)  were 
likewi8e  divided  transversely  as  far  as  the  masseteric  margin.  On  each  side  the 
dissected  skin  flap  was  donbled  ovcr  into  this  defect  in  such  a  way  that  its 
anterior  wound  margin  was  nnited  by  sntiire  with  the  preserved  mucosa  behind 
the  masseter,  with  its  external  cpitholial  surface  turned  toward  the  buccal  cav- 
ity.  At  the  end  of  4  weeks  the  healed  skin  flap  wa8  ciit  through  on  each  side  at 
its  pedicle  and  the  posterior  portion  of  the  flap  was  detached  toward  the  front 
and  turned  to  the  persisting  anterior  portion  of  the  defect,  so  that  the  epithelial 
side  of  the  ontire  flap  now  came  to  lie  toward  the  buccal  cavity.  In  stitching 
in  the  flap,  the  margin  of  the  cheek  cleft  at  the  upper  and  lower  jaw  wa8  utilized 
as  a  substitute  for  the  giims.  Finally,  the  externa]  defect  in  the  cheek  wa8 
covered  by  a  rectangular  skin  flap  from  the  region  of  the  lower  subniaxillary 
margin  having  its  base  above  and  behind.  The  result  of  the  plastic  operation 
was  excellent. 

Plastic  operations  on  the  face  are  sometimes  necessary  for  the  correction  of 
disfigurements  due  to  injury  of  the  facial  nerve  received  at  the  tirne  of  radical 
operations  for  middle  ear  disease.  The  cosmetic  results  of  anastoniosis  be- 
tween  the  facial  nerve  and  the  hypoglossal  or  the  accessory  nerve  are  unreliable 
and  imperfect.  The  patient  may  gain  control  over  a  few  of  the  muscle  groups 
of  the  face,  but  not  without  assoeiated  movemcnts  of  the  shoulder  or  the  tongue. 
These  failures  led  Lcxer  to  evolve  his  method  of  muscle  plastics  (19). 

The  procedure  pennits  the  partial  substitution  of  the  paralvzed  areas  by 
muscle  plastics:  areas  taken  from  parts  which  are  not  supplied  by  the  facial 
nerve. 

Xordmaim,  as  the  result  of  favorable  experiences  with  3  cases  of  lagophthal- 
mos  and  facial  paralvsis  urgently  advocates,  instcad  of  nerve  anastomosis, 
Lexer-s  simple  method,  which  is  certain  to  vicld  positive  results  (18).  Tn 
cases  of  incomplete  palpebral  closure  of  the  eyo  on  the  paralvzed  side  (lag- 
ophthalmos),  ^ordmann  recommends  severing  a  bundle  from  the  temporal 
muscle  and  implanting  it  in  the  lateral  ocular  angle.  The  patient  is  carefullj 
instructed  to  practice  the  contraction  of  tlie  temporal  muscle.  Although  the 
palpebral  closure  may  be  perfect,  a  drooping  buccal  angle  may  stili  require  at- 
tention.  To  lift  the  drooping  mouth  and  control  the  salivary  flow,  and  to 
enable  the  patient  to  hold  his  food,  muscle  plastics  from  the  masseter  mgj  lie 
emploved.  An  incision  is  made  in  the  nasolabial  fold  and  part  of  thft^ 
is  fixed  to  the  buccal  angle. 

The  secondarv  epidermization  of  freshened  pedunculated 
beon  turned  into  the  buccal  cavitv  for  the  substitution  « 
recentlv  investigated  by  Lefevre   (14)    in  experiments' 
dissemination  of  small  bits  of  mucous  membrane  over 
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sensfl  of  tlic  uld  [Jevcnliii  tediiiic,  {-ave  ex«ellciit  resiilts.  Tlip  epideriiiization 
wa8  found  to  proceed  verv  rapidl^  and  to  bc  favored  b_v  the  absence  of  tension 
in  tlio  fliip.  Tt  \van  aiso  favored  bv  havinf:  had,  wbeii  thc  flap  waB  traiiaplantcd, 
a  jjood  coutrol  of  tlie  hemorrhage  aiid  acciirate  approKiiiiation  bv  siitnre  of  the 
iniicoua  murgins  to  the  wound  aurface  of  the  flap.  The  new-fomied  epitheliuiii 
proved  auliieieiitly  thick  and  resistant,  altbough  the  new  cheek  wa9  lesa  flexiblfl 
and  not  contractile. 

Chavannez  obtained  excel]ent  resulta  on  the  human  subject  hy  thia  pro- 
cedure. 

HydT(MaTboii  Frotlmei. — The  aubcutaneoua  tise  of  paraffin  or  vaaelin,  which 
aolidi/y  at  tbc  bod,y  temperature,  wa9  described  by  GereHny  in  1900.  The 
metJiod  («)n8ista  in  warminp  a  piven  proparation  of  paraffin  so  that  it  can  be 
foroed,  bv  niean«  of  a  aiiitable  avringe,  through  the  lumen  of  a  hvpodemiic 
needle  into  the  tisauea,  where,  on  cooHng,  it  will  solidifv  and  remain  per- 
inanentlv  without  irritation.  Thia  method  ib  used  only  in  the  coaraetic  correc- 
tiona  of  defomiities  on  the  aurface  of  the  body. 

The  danfrers  to  be  guarded  againat  are  many :  First,  infection.  Unleea  the  moat 
perfect  ascpsis  is  maintained,  a  marked  redneea  of  the  akin  and  irritation  of  the  tis- 
sues  surroundin^  the  injected  maes  are  apt  to  result,  which  ma?  even  progreaa  to 
abscesB  fonnation  and  destniction  of  tiasue  by  necrosis.  Second,  necrosts  of  the  tis- 
eue  due  to  the  presBure  of  the  injected  mass  on  the  neighboring  blood  Tessels.  Third, 
embolism,  of  eithcr  air  or  paraffin,  which  is  usuall;  due  to  tlie  accideiital  iiisertion  of 
the  point  of  the  injcctton  needle  into  a  vein.  Fourth,  sloughinu  of  the  tiaauea  due  to 
the  escessive  heat  of  the  injected  mass.  Fifth,  oTer-correction  of  the  deformitj  by 
the  injection  of  too  much  of  the  mase  at  one  tinie,  which  is  a  serious  danger  on  ac- 
count  of  the  veiy  great  difficulty  of  removing  the  Bolidified  paraffin  after  it  has  once 
been  injected  into  the  tissuea.  Kolle  (11)  gives  4  additional  dangers  to  be  avoided: 
"Socondary  infusion  of  the  injected  mass.  Hjpcrplasia  of  the  connective  tissue  fol- 
lowing  thc  organization  of  the  injected  matter.  A  3'ellow  appearance  and  thickening 
of  the  skin  after  organization  of  the  injected  maas.  The  breaking  down  of  tissue  and 
the  resulting  abseess  due  to  the  pressure  of  the  injected  masa  upon  the  adjacent  tissue 
after  the  injection  has  beconie  organized." 

STBINOBS. — A  specia)  8yringe  ib  made  for  thia  purpose,  the  easential  points 
of  which  are:  Firat,  great  strength;  second,  a  Bcrew  on  the  piaton,  enabling 
the  operator  to  force  a  meaaured  quantity  of  the  semi-aolid  mass  sIow)y  out  into 
the  tissues;  third,  the  abi]ity  to  reaist  the  heat  of  sterilization;  fourth,  the 
lumen,  large  in  proportion  to  the  aize  of  the  needle. 

PABAFFIN. — The  paraffiit  or  mass  is  prepared  by  mixing  togetber  paraffin 
and  whilc  Viiscliii.  U4nul!y  in  tlic  pnipiirtion  of  ilraniB  to  mnii-fs.  and  by  melt- 
inp  thcm  togi>thcT  over  a  watpr  bath  and  thoroiighlv  inixing  thcin  ivith  a  glasa 
rod.  It  in  mast  important  tn  know  the  melting  point  of  the  mass.  If  too  low, 
it  will  not  be  mflt0!catly  firm  at  the  hai\y  t(>iri  penit  ure  after  injection:  if  too 
biph.  thore  it  tllo  dinger,  aln-adv  .ic^-iilfi  '■  ■!  i  ■  , -osaive  hpat,  The  desired 
mciting  poiot  If^sm  fotuid  to  bc  1)<'i'>    '   <  i   1 10°  F.,  no  higber.     A  . 

'  Gu«rn>^i'v.   '  (  lic  meltiup  point  of  the 
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resiilting  mixtiire  is  to  coat  the  bulb  of  a  thermometer  with  some  of  the  mass 
while  in  the  liqnid  state.  This  is  allowed  to  cool,  thus  forming  into  a  film  over 
the  bulb.  The  thermometer  is  then  placed  in  a  water  bath  and  the  temperature 
of  the  water  s]owly  raised  until  the  film  is  melted  from  the  bulb  and  floats  on 
the  surface  of  the  water.  The  heat  of  the  bath  is  then  slowly  reduced.  As 
soon  as  the  floating  particles  of  the  mixture  begin  to  become  opaque,  the  tempera- 
ture of  the  bath  is  taken,  which  is  the  melting  point  of  the  mixture. 

By  using  a  mixture  of  sueh  a  low  melting  point  the  mass  can  be  forced  into 
the  tissucs  in  a  semi-solid  form,  thus  avoiding  the  dangers  of  exce88ive  heat 
and  fiuid  injeetion.  This  is  the  so-called  method  of  "cold  injeetion'^  and  has 
many  advantages  and  fewer  dangers  than  the  use  of  a  mass  with  a  higher 
melting  point  and  a  more  liquid  form. 

TECHNIC-  In  using  this  method  of  protheses,  the  following  technical 
points  niust  bo  carefully  observed:  First,  thorough  cleanliness  of  ali  instni- 
ments,  of  the  paraffin,  and  of  the  patient's  and  doctor^s  skin.  Second,  thorough 
sterilization  of  the  mass  by  heat  shortly  before  its  use.  The  mass  should  be 
poured  into  the  injecting  syringe  while  stili  in  a  very  fiuid  condition  and  then 
allowed  to  solidify  slowly.  If  this  is  not  done,  it  is  almost  impossible  to  avoid 
the  introduction  of  air  bubbles  beneath  the  patient^s  skin  when  the  mass  is 
forced  out  of  the  svringe. 

Third,  no  anesthetie  need  be  used.  The  only  discomfort  to  the  patient  is 
the  slight  pain  eaused  by  the  prick  of  the  needle.  The  use  of  cocain  has  a 
tendency  to  infiltrate  the  parts  and  distort  the  contours,  thus  making  the  mould- 
ing  of  the  injeeted  mass  more  difficult  and  more  uncertain  than  necessary.  The 
use  of  the  ethvl  chlorid  spray  tcnds  to  cool  the  tissues  to  such  an  extent  that  the 
solidification  of  the  injeeted  mass  is  dangerouslv  hastened. 

Fourth,  the  mass  must  be  injeeted  slowly  and  in  small  quantities  and 
moulded  into  the  dcsired  shape  at  onco.  Great  čare  must  be  taken  never  to 
inject  too  mueh,  for  it  is  always  possible  to  add  to  the  mass  by  a  second  opera- 
tion.    Ahvavs  under-correct  the  deformity. 

Fifth,  čare  must  be  taken  that  the  mass  is  not  emerging  from  the  point  of 
the  needle  \vhen  it  is  withdra\vn  from  the  tissues.  This  mav  be  avoided  either 
by  withdrawing  the  piston  slightly  or  by  waiting  long  enough  after  the  inject- 
ing pressure  has  ceased  to  be  sure  that  none  is  flow'ing. 

Sixth,  wlicn  the  area  to  be  injeeted  is  donse  or  covered  bv  thick  skin,  finnly 
bound  do\vn,  subcutaneous  freeing  incisions  should  be  made  (under  novocain) 
with  a  fine-bladed  tenotomy  knife.  If  this  has  to  be  done,  it  is  safer  to  defer 
the  injeetion  for  o  or  4  davs. 

AFTER-TREATMENT. — The  after-treatment  cousists  in  a  simple  collodion 
dressing  over  the  puncture  wouud.  If  the  area  injeeted  is  painful,  the  applica- 
tion  of  cold  during  the  24  hours  following  gives  much  relief. 
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PLASTIC  SUROEBV  OF  THE  ETELID8:  BLEPHAB0PLA8TY 

For  plastic  STirgery  of  the  ejelids,  two  important  principles  must  be  ob- 
served.  First,  tlie  nece88ity  of  determining  at  once  \vhether  the  outer  skin 
alone  is  destroved,  or  whether  the  conjunctiva  and  the  tarsiis  are  also  involved. 
Second,  when  ain-thing  more  than  the  outer  skin  is  destroved,  a  flap  with  a 
suitable  lining  must  be  provided. 

Operations  on  the  lid  are  delicate  and  present  manv  diffieulties.  A  simple 
skin  flap  is  inadeqnate  for  a  condition  whore  more  than  the  skin  is  de- 
stroved. Withont  a  lining,  a  flap  gives  distressing  rcsnlts;  it  adlieres  to  the 
eveball  which  it  verv  imperfectlv  covers,  and  its  edgo  becomos  inverted  and 
verv  irritating  because  of  the  fine  hairs  and  the  scar  tissue.  TI13  extreme 
sensitiveness  of  the  conjunctiva  of  the  eveball  makcs  it  difficnlt  to  find  a 
suitable  lining  for  the  flap  to  substitute  the  missing  conjunctiva,  and 
much  trouble  has  been  taken  and  manv  expcriments  made  to  find  a  proper 
material.  The  mucous  membrane  and  conjunctiva  of  animals  liave  been 
tried,  as  we]l  as  small  pieces  of  human  prepuce,  and  mucous  membrane 
from  the  lips,  vagina,  and  rectum  (17). 


BOTBOPION 

Ectropion  or  eversion  of  the  lids  may  be  due :  First,  to  cicatricial  formation 
following  bums,  the  removal  of  growth8,  or  other  injuries  of  the  skin;  second, 
to  some  nerve  injurv  resulting  in  the  paralvsis  of  the  orbicular  muscles;  third, 
to  some  abnormal  condi- 
tion of  the  mucous  mem- 
brane of  the  eve  itself, 
such  as  chronic  inflamma- 
torv  conditions  or  n  e  w 
growths.  The  first  type  is 
the  one  that  surgery  is 
most  commonlv  c  a  1 1  e  d 
upon  to  correct  and  the 
following  operation  is 
recommended : 

Operation  for  Ectropion. 
of  Lower  Lid :  Dicffenbach'8 
Method. — A   V-shaped  in- 

cision  is  made  through  the  skin  and  subeiitaneons  tissue  as  sh()wii  in  Fiirure 

93A«    The  flap,  with  ali  the  subcutaneous  tissue  j)()ssibl(\  is  dissccted  froiii  the 

"•-  as  far  up  as  the  tarsal  border,  rclicving  ali  teusion  iipon  it.     It  is 

"'ll^re  93B.     If  the  eversion  has  been  extreine,  it  will 
^eted  that  the  amount  of  tissiie  in  tlic  lo\ver  lid  is 


A 

Fio.  93.— 


B 


DlEFFENBACH*«  MeTHOD  FOR    ECTROPION  OF 

LowER  Lid. 
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esceasive,  m&kmg  the  lower  Ud  (:onai(lepably  vider  tlian  tlie  upper  lid,  wliicb  ia 
especiallv  markcd  when  the  eye  is  cloaed.    To  remedy  this  defwt,  1  or  2  stnall 
^-.^^ — ■  iiiverted  trian^lea  niav  be  reiiioved  from  each  side  c^"^ 

""^  the  lid,  thua  taking  iip  the  slaek  fFig.  93B,  XT). 


BESTORATION  OF  TKE   EYELID 

There  are  three  general  niethtKls  i)f  restoring  ti« 
eyelid  to  be  considered: 

1.  The  gliding  flap  method,  which  ineliides  tla 
methoda  of  Gihson,  Dieffenbach,  and  Hasner. 

2.  The  pedunciilated  flap  method,  illustrated  l*^^^" 
the  v,  Langenbeok  operation, 

r).      The  frce  frnift  iinplantatinn  nr  ^Volf  methoL— ■    ■ 
1.    The  GHding  Flap  Method  of  Restoration  of  tl^ 
Lower  Lid.— gihson 'soPKRATiON  BY  apreguakte    ::^= 
FLAP. — Tbis  operatidn  (G)  is  divided  iiito  3  atage^^  =^ 
separated  by  an  interval  of  about  10  dava.     At  tir  ■ 

first  stage  the  flap  is  prepared;  at  the  second,  tir"      — 
deformity  is  removed  and  replaced  by  the  flap, 

At  the  firat  operation  an  inciaion  ia  made  throu^ —  Z. 

the  who]e  thiekneas  of  the  akin  from  the  extern^=- 
canthua  in  an  outward  and  slightly  upward  dire    —    ~ 
tion.     The  leugth  of  thia  inciaion  ia  detemiined  1  ^ 

the  amoiint  of  evelid  it  is  propoaed  to  reniove.  I  Ft:3^^" 
au  operation  invoiviug  the  extemal  balf  of  tbe  low^^^"" 
lid,  make  an  incision  1^4  in.  long.)  By  iliaaeirtii^^"^^^ 
downward  from  thia  incision  and  lifting  tbe  akE^- 
from  the  deeper  parta,  a  poneh  is  fonned,  baviiig  tt^^^- 
outiine  of  the  propoaed  flap  (Fig.  94A).  Into  tL^ 
poTich  ia  aJipped  a  skin  graft,  previo»8ly  prepart  ■-"■'^ 
the  raw  Hurfaee  of  whieh  is  turned  anteriorlv  (Fi-^*^ 
94B).  Thia  graft  ia  cut  9iilhciently  large  to  proje*^^^^ 
slightly  from  the  pocket,  and  ia  turned  oiitward  ac^ 
downward,  eovering  the  inferior  raw  ediie  of  tt 
original  inciaion  with  epithejinm.  A  simple  drui^  *" 
ing  ia  applied  and  the  graft  allowed  to  heal  in  plac^^^ 
which  takea  plače  in  ahout  10  days. 

At  the  second  operation  the  growtli  on  the  ejel^^ 
ia  firat  removed  by   a  qnadrilateral   incision    (F^»-  — 
94C),     The  cnt.  aa  ahovvn  in  Figure  94D,  ia  tb-^s^^ 
made  of  the  aame  length  and  parallel  to  the  original  incision,  thus  forminp"     -^ 
flap  which  can  now,  by  gentle  traetion,  be  made  to  alide  over  toward  the  midiJ^^ 
line,  wbere  it  is  sutnred  as  8hown  in  Figure  94E,  , 


Fia.  94. — aiBBON'B  Operation 

BT    A    PREOIlArTED    Fl^F    ON 
RlSTORATtON        OF        LoWER 

Lid.     (AnnalH  uf  Surscry.  ] 
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Re«toritioh  or 


There  are  two  great  advantages  to  this  method:  The  first  being  that  an 
epithelial  lininp  la  given  to  the  posterior  Burface  of  the  flap,  thiis  avoiding  most 
of  the  disfldvantagoa  of  other  methods;  and,  sccond,  that  there  is  slight,  if  any, 
poatoperative  contraction  of  the  flap,  which  obviatoB  the  neceasitj  of  planoing 
a  flap  larger  than  the  defect  to  be  fillcd. 

DIEFFENBACH 'S  METHOD  (Fig.  95).— This  method  provides  no  Hning  for 
the  ilap.  The  area  to  be 
fillfd  is  ropresented  by  the 
triinifilo  A,  B,  and  C.  An 
iiK-ision  is  iiiade  starting 
froiti  tlio  outer  eanthue  in 
an  oiitward  and  slightlj 
npvvard  direetion,  CD,  in 
length  9omewhat  greater 
than  the  width  of  the  gap 
to  be  fiiled  between  A  and  LowEBLm. 

O.       Another     incision     ia 

made  parallel  to  the  first,  from  the  apex  of  the  triangle  BE.     The  flap  ao  ont- 
lined,  including  the  akin  and  Bubcutaneous  tisaue,  ia  disaected  from  the  anb- 

jacent  muscie  and  drawn 

""^       toward   the  middle  line 

i  /  .^^^^^^  V^^        -^^-i!\.        w h  e  r  e  it   is  sutiired  as 

shown  in  Figure  05B. 

(-/•S      ~__>^  n  HASNEK'8    METHOD.— 

^•^^^2^^^  T^  IIa8ner'8  method  ia  eape- 

cially  vahiable  when  the 

"  E  defect   is  ao  large  as  to 

F,o.  m.-^Ha»n.«'«  m«tho,>  o^  H-i^a.™«  o,  CA^rm«.     ^ave    Involved    the    outer 

cantbus  and  a  part  of  both 
lida.  Line  ABC  (Fig.  96)  deflnes  the  limit  of  the  defect,  A.  Curved  incisions 
CD  and  BE  are  made,  and  the  flap  formed  by  incisions  DC  and  CB  is  made 


>^ 


»  or  RSSTOflATlON  OF  Lowi 
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outward  and  slightlj  downward.     Gliding  the  lower  flap  formed  by  incisiona 
AB  and  BE  inward  and  slightlj  upward,  it  is  possible  to  restore  the  canthviis 
as  8hown  in  Figure  i^)t)B. 

2.  The  Pedunculated  Flap  Method. — V.  LANGENBECK^S  METHOD  (Fig.  97  )  - 
— The  area  to  bc  rcplaced  is  represented  by  the  dotted  lines.     A  vertical  L 
cision  AB  is  niade  about  V4  in.  longer  than  area  to  be  filled  in.     A  ciirv 
incision  BC  is  then  made  and  the  flap  is  lifted  and  rotated  upward  and  inwair 
on  the  pedicle  of  tissue  existing  between  AC,  nntil  it  assumes  the  positi 
8hown  in  Figure  B.     It  is  then  sutiired  as  shown  in  Figure  C. 

3.  The  Free  Oraft  Implantation  or  Wolf  Method. — To  make  it  possible 
use  this  method,  there  must  be  a  sufficient  amount  of  lid  left  to  act  as  a  bed  f 
the  graft,  and  this  bed  must  be  covered  by  healthy  granulation.    The  shape  a 
size  of  the  defect  are  carefully  noted,  and  frora  the  skin  on  the  inner  surfa 
of  the  arm  a  piece  of  skin  is  removed  of  a  similar  shape  and  about  a  thi 
larger  in  size.    This  is  placed  over  the  defect  and  is  carefully  sutured  in  pla 


To  remove  ali  the  subcutaneous  fat  from  the  graft  seems  to  increase  the  chancs^ 
of  its  taking. 

The  strictest  asepsis  is  most  essential  to  success  in  this  procedure. 


SKIN-GRAFTINa 

Alexani)eu  Bryan  Johnson 

Instruments. — The  instruinents  reijnired  in  skin-grafting  are : 

1.  A  large,  heavv,  flat  razor  vvith  a  broad  blade,  or  a  special  knife  witl 
fixod  liandle  in  line  with  the  blade  and  of  such  proportions  as  the  surgeon  m 
elect.     The  razor  or  knife  must  ha  ve  a  keen  cutting  edge  to  make  thin  grafts 
uniform  thickness. 

2.  A  scalpel. 

3.  2  or  more  silver  probes  8  in.  long. 

4.  McBnrn(»v'8  hooks. 

*  ■ 

5.  Straight  scissors. 

6.  A  sliarp  curet. 

7.  Storile  rnbber  tissue  in  strips  1  to  ll/>  in.  wide  and  6  to  8  in.  long. 

8.  Sterile  salt  sohition  in  quantity. 
Freparation  of  Surf ace  from  Which  Orafts  Are  to  Be  Cut. — For  reasons  not 

tirelv  eloar,  grafts  taken  from  another  individual,  even  a  brother  or  sis 
rarelv  do  well,  and  never  as  \vell  as  those  taken  from  the  patient  himself. 
must  bo  from  some  cause  similar  to  that  which  produces  hemolysis  when  bi 
from  2  individuals  is  mixod. 

The  skin  of  the  anterior,  outer  and  inner  surfaces  of  the  thighs  is  common. 
used  for  cutting  tlio  grafts.    I  have  never  tried  the  iodin  preparation  of  the  sk  ^ 
for  grafting  purposes. 
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Usuallv  tlie  skin  is  prepared  the  day  before  by  careful  scrubbing  with  green 
soap  and  \vater,  shaving  and  thorough  douching  with  sterile  salt  solution.  The 
linib  is  then  enveloped  in  a  dry  sterile  dressing  whieh  is  removed  before  opera- 
tion. 

Preparation  of  Surface  to  Be  OraftecL — The  raw  surface  to  whieh  the  grafts 
are  to  be  applied  inay  be  a  recent  wound — as  in  grafting  after  amputation  of 
the  breast  for  cancer — to  which,  if  desired,  the  grafts  may  be  applied  at  once, 
a  granulating  raw  surface,  soft  parts,  or  bone. 

The  cleaner  and  more  healthy  the  granulating  surface  the  better  and  the 
greater  the  likelihood  that  grafts  will  unite  with  the  surface  beneath  and  live. 
Grafts  mav  be  applied  directly  to  the  raw  surface,  or  the  granulations  may  be 
removed  by  gentle  curetting.  Bleeding  must  be  stopped  by  firm  pressure  with 
gauzc  pads  before  the  grafts  are  applied. 

Technic. — The  patient,  under  a  general  anesthetic,  is  so  placed  upon 
the  operating  table  as  to  expose  the  surface  to  be  grafted  and  the  thigh  from 
which  the  grafts  are  to  be  cut.  Antiseptics  are  not  used.  Soap  and  water 
foll()wed  by  liberal  douching  with  salt  solution  suffice  for  both  raw  surface  and 
skin. 

The  wound,  if  f resh  or  if  curetted,  must  be  f ree  from  blood,  as  a  clot  beneath 
a  graft  vvill  prevent  its  union  with  the  raw  surface. 

The  first  graft  is  cut  from  the  uppcr  part  of  the  front  of  the  thigh.  The  skin 
is  lightlv  scorod  with  the  knife  in  2  vertical  parallel  lines,  separated  by  an  inter- 
val ecpial  to  the  width  of  the  hooks  and  5  or  G  in.  long,  this  being  about  the 
practical)Ie  limit  of  length  in  graft  cutting. 

11ie  hooks  are  then  caught  tirmly  into  the  skin  above  and  below.  The  upper 
hook  is  given  to  an  assistant,  while  the  operator  holds  the  lower  in  his  left  hand 
while  he  cuts  the  graft  from  above  downward  with  his  right.  During  the  cut- 
ting, the  hooks  are  used  to  stretch  the  skin  and  to  raise  it  a  little  above  its 
natural  level.  Thus  an  elevated  ridge  is  made,  bordered  by  the  slight  cuts  in 
the  skin  on  either  side,  which  determine  the  width  of  the  graft.  During  the 
cutting,  the  blade  of  the  razor  and  the  skin  are  kept  wet  with  salt  solution  by 
au  asaistant  who  allow8  it  to  dribble  from  wet  pads  of  gauze. 

The  angle  of  the  razor  blade  to  the  skin  must  be  slight.  It  must  be  held 
firmlv  against  the  surface  and  gradually  advanced  with  a  sawing  motion. 
When  the  lower  limit  of  the  graft  is  reached,  it  may  be  severed  with  the  razor 
or  with  a  scissors.  The  blade  and  the  graft,  curled  up  on  it,  are  then  brought 
over  the  raw  surface  to  be  covered  and  the  graft  is  slid  off  the  blade  with  a 
])r()l)c.  T\vo  prohcs  are  used  to  spread  it  evenlv.  The  graft  should  overlap  the 
skin  cdge  of  the  wound  slightlv.  Other  grafts  are  then  cut  until  the  raw  sur- 
face is  covered.  Any  blood  which  mav  collect  beneatli  the  grafts  is  carefully 
pressed  out  with  wet  pads  of  gauze,  and  the  wlioIe  area  is  then  covered  with 
strips  of  nibhor  tissue  \vet  in  salt  solution,  after  \vhich  a  firm  dressing  of  dry 
sterile  gauze  is  applied. 

The  dressin<r  mav  be  left  in  plače  5  davs  or  cvcii  lonircr.     If  the  iTraftinir  is 
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completelj  siiccessful,  the  entire  surface  may  be  healed  at  the  end  of  10  days 
and  left  with  a  liglit  dressing  of  boric  ointment  for  a  few  davs  more. 

The  dressing  of  the  area  from  which  the  grafts  were  taken  is  important.  It 
may  be  dressed  in  the  same  way  as  the  grafted  surface  or  it  may  be  dressed  with 
a  covering  of  storile  silver  foil  and  left  expo8ed  to  the  air  under  a  cradle.  I 
prefer  the  former  method. 

Other  methods  of  dressing  the  grafted  surface  are  (1)  exposure  to  the  air 
under  a  cradle  covered  with  gauze  to  keep  out  flies;  (2)  covering  the  grafted 
area  with  strips  of  sterile  zine  oxid  plaster  (Vosburgh). 

Other  Methods  of  Skin-g^afting. — The  old  method  of  Reverdin,  useful  to 
hasten  the  healing  of  raw  surfaces,  consists  in  sniping  minute  bits  of  cuticle 
from  any  sound  skin  surface  and  applying  them  to  the  surface  to  be  covered  with 
epithelium.     Rubber  tissue  may  be  used  as  a  protective  covering. 

A  method  devised  by  Dr.  John  M.  Woodbury  and  used  by  him  and  others, 
with  good  results,  in  the  Roosevelt  Hospital  Outpatient  Department,  where  he 
and  I  worked  together  so  many  years  ago  that  I  do  not  wish  to  calculate  how 
long,  was  to  use  the  parings  of  corns  from  the  patient's  feet  for  the  grafting  of 
chronic  ulcers  of  the  leg.  Many  intractable  chronic  ulcers  were  completely 
healed  in  this  way.  Careful  strapping  with  diachylon  plaster  aided  the  heal- 
ing process. 

The  Wolf  method  of  using  the  entire  thickness  of  the  skin  as  a  graft  and 
grafting  mucous  membrane  are  sufficiently  described  in  an  earlier  section  of  this 
chapter. 
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OPERATIONS  ON  THE  PERIPHEBAL  AND  CBANIAL   NEBVE8. 

UNILATEBAL   LAMINECTOMY 

Alfred  S.  Taylob 

OPERATIONS  ON  THE  PERIPHEBAL  NERVES ' 

Indications. — Operations  on  the  peripheral  nerves  are  indicated  for  the 
relief  of  pain,  spas.ticitj,  and  paraljsis,  for  the  repair  of  injuries  to  nerves,  and 
for  tuiiiors  of  nerves. 

Anatomical  Considerations. — A  nerve  trunk  is  made  up  of  nerve  fibers  which 
are  boiind  together  by  fine  connective  tissue,  endoneurium,  into  fasciculi. 
These  are  in  tnrn  boiind  into  larger  bnndles  by  perineurium,  while  the  entire 
nerve  trunk  is  inelosed  in  an  outer  sheath,  a  thick,  resistant  laver  of  connective 
tissue  kno\vn  as  the  einneurium.  Before  nerve  fibers  will  puli  apart  this  layer 
must  vield.  Often  the  nerve  fibers  may  be  ruptured  by  pressure  and  the  sheath 
remain  intact.  These  various  connective-tissue  structures  carrv  the  vessels  and 
Ivmphatics  of  the  nerves.  As  a  rule,  large  nerve  trunks  run  with  the  main 
vessels  of  the  extremity.    The  notable  exception  is  the  great  sciatic  nerve. 

An  increasingly  important  field  for  peripheral  nerve  surgery  is  within  the 
spinal  canal.  Ilere  the  motor  roots  come  from  the  anterolateral  aspect  of  the 
eord,  pass  outward,  backward,  and  more  or  less  downward,  according  to  the 
level  in  the  canal,  to  the  aperture  in  the  dura.  The  posterior  roots  come  from 
the  posterolateral  aspect  of  the  cord  and  run  outward  and  more  or  less  down- 
ward  to  apertures  in  the  dura,  separated  by  very  thin  septa  from  the  apertures 
of  the  anterior  roots.  Both  the  anterior  and  posterior  roots  receive  extensions 
from  the  dura  as  thev  pass  through  it.  In  the  intervertebral  foramen  lies  the 
ganglion  of  the  posterior  root,  of  which  it  is  the  trophic  center.  Except  in  the 
cervical  region  the  nerve  makes  its  exit  from  the  spinal  canal  through  the 
intervertebral  foramen  next  below  the  bony  arch  of  the  corresponding  vertebra; 
i.  e.  the  seventh  dorsal  nerv^e  comes  out  l)elow  the  arch  of  the  seventh  dorsal 
vertebra.     Tn  the  cervical  region  the  nerves  come  out  above  tlie  corresponding 

For  the  histolog/,  phy8iology  and  pathology  of  nerves  the  reader  is  referred  to  other  boolu 
making  a  8pecialty  of  these  topics. 

r  o "' 
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arch.    There  is  an  eighth  cervical  nerve  which  comes  out  beneath  the  scventh 
cervical  arch. 

OPEBATIONS  FOB  BELIEF  OF  PAIN 

Pain  Due  to  Teaumatism  and  Inflammation 

For  pain  which  is  the  result  of  traumatism  and  inflammation  in  the  extra- 
spinal  peripheral  nerves,  the  various  medicinal  and  local  physical  methods  of 
treatment  will  usually  give  relief  without  resorting  to  operative  work.  In  certain 
persistent  inflammatory  conditions,  where  such  measures  have  failed  to  give 
relief,  operation  is  indicated.  Such  operation  consists  in  making  an  incision 
down  to  the  nerve  trimk  over  that  portion  of  it  which  has  been  seusitive  to 
pressure.  The  nerve  trunk  is  then  freed  from  inflanimatory  adhesions  to  sur- 
rounding  structures,  and  in  čase  the  nerve  itself  seems  to  be  sAvollen  or  too 
tightly  constricted  within  its  epineural  sheath,  this  sheath  may  be  split  longi- 
tudinally  and  the  contained  nerve  relieved  from  pressure.  This  method  is  most 
frequently  applied  to  cases  of  persistent  sciatica.  The  portion  of  the  nerve 
which  is  more  often  the  site  of  inflammatory  adhesions  to  surrounding  struc- 
tures is  just  at  and  above  and  below  its  exit  from  the  true  pelvis  through  the 
sciatic  notch. 

Operative  Technic. — The  incision  is  made  along  the  line  of  the  sciatic 
nerve  which  is  about  %  of  the  distance  outward  from  the  ischial  tuberosity  to 
the  edge  of  the  great  trochanter  of  the  corresponding  femur.  The  incision  is 
then  centered  about  where  the  gluteal  fold  crosses  this  ischiotrochanteric  line. 
The  incision  should  be  about  10  cm.  long  through  skin,  fat,  and  aponeurosis. 
The  gluteus  maxinius  is  pulled  upward  and  the  hamstrings  inward.  The  nerve 
is  found  under  the  outer  edge  of  the  biceps.  The  nerve  sheath  is  freed  from 
surrounding  adhesions  well  up  into  the  true  pelvis.  The  nerve  may  then  be 
stretched  bv  pulling  upon  both  the  peripheral  and  central  ends.  The  puli  upon 
the  central  cnd  must  be  made  with  considerable  discretion  lest  some  of  the  roots 
be  torn  from  the  cord.  (See  page  536.)  If  the  sheath  is  much  thickened,  it 
may  be  split  longitudinally.  In  either  čase  the  exposed  portion  of  nerve  mav 
be  surrounded  by  Cargile  membrane  and  the  wound  closed  without  drainage. 

A  similar  procedure  is  not  infrequently  applied  to  the  ulnar  nerve  just 
back  of  the  inner  condvle  of  the  elbow,  where  the  nerve,  as  a  result  of  trauma- 
tism or  repeated  traumatism,  becomes  the  seat  of  a  chronic  productive  neuritis. 

Neuealgias 

For  the  relief  of  severe  neuralgias,  such  as  persistent  intercostal  nenialgia, 
the  severe  neuralgic  pains  of  tabetic  gastric  crises,  the  intoleraUa 
times  caused  by  new  growths,  etc,  where  medical  and  local  tf 
measures  have  failed  to  give  relief,  posterior  root  seotion  i 

Fosterior  Eoot  Section. — TECHNIC— In  doing  ik* 


OPKRATIONS    ON    THE    PERTPIIERAL    NERVES  527 

relief  of  pain,  it  is  necessarj  first  to  indicate  clearlv  tbe  nerve  roots  involved 
in  the  production  of  the  pain.  It  is  then  desirable  to  divide  at  least  2  roots 
above  and  2  roots  below  the  upper  and  lower  limits  respectivelv  of  the  roots 
definite]y  involved  in  the  neuralgic  disturbance.  This  is  necessarv  because  of 
the  anatomical  overlapping  of  the  fields  of  distribution  of  the  posterior  roots. 

Having  determined  whieh  roots  are  to  be  divided,  one  mav  proceed  to  do  a 
unilateral  laminectomy,  as  described  on  page  602,  through  whieh  the  roots  on 
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Fio.  1. — Nervb  Hook  with  Blunt  Point. 


both  sides  may  be  readily  divided,  or  one  may  choose  to  do  the  usual  bilateral 
laininectomy,  as  described  elsewhere.  In  either  čase,  after  the  dura  has  been 
opened  the  full  length  of  the  ineision,  the  edges  of  the  dura  are  caught  by  2  or 
more  silk  sutnres  on  each  side,  which  are  used  as  retractors.  This  retraction  of 
the  dura  not  only  gives  a  better  exposure,  with  increased  light  into  the  dural 
cavity,  but  also  serves  to  stop  the  venous  oozing  whieh  always  occurs  from  the 
venous  plexus  which  surroiinds  the  dura  extemally.  One  then  takes  a  small 
blunt  nerve  hook  (Fig.  1)  and,  starting  either  above  or  below,  divides  the 
posterior  roots  systematically,  first  on  one  side  and  then  the  other.  Inasmuch 
as  the  posterior  and  anterior  roots  lie  closely  approximated  at  their  exit  from 
the  dura,  the  hook  is  slipped  between  them  sufficiently  near  the  cord  to  avoid 
hooking  up  the  motor  root  and  including  it  in  the  division. 
When  the  posterior  root  is  raised  on  the  hook,  it  is  advisable 
to  clamp  it  with  a  broad,  strong  clamp  for  a  moment  or  two, 
then  to  release  it  and  cut  through  the  compressed  area  (Fig. 
2)  with  a  slender  pair  of  scissors.     In  this  way  the  small      Fig.  2.— Nerve  Com- 
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vessels  which  often  run  with  the  posterior  roots  are  eom-        Clamp  to  Prevent 
pletely  crushed  and  occluded  so  that  there  is  no  leakage  of        tion"'**'*"  ^^    ^^ 
blood  into  the  spinal  fluid  to  render  the  operative  field  in- 
distinet.     This  same  procedure  is  carried  out  with  each  of  the  posterior  roots 
to  be  divided. 

Inasmuch  as  these  nerves  are  divided  between  their  trophic  centers  (which 
are  the  ganglia  of  the  posterior  roots)  and  the  spinal  cord,  there  will  be  perma- 
nent  degeneration  into  the  cord  and,  therefore,  permanent  loss  of  function. 
This,  of  course,  also  means  permanent  relief  from  pain.  Since  this  up\vard 
degeneration  is  permanent,  it  is  8carcely  necessarv  actually  to  resect  portions  of 
the  posterior  roots. 

After  ihe  roots  have  been  divided,  such  blood  as  has  oozed  into  the  dural 
klW  Mnumml  tho  duTE  is  closed  tightlv,  and  the  roniainder  of  the 

in  the  operation  for  unilateral  laminectomv. 

iOW  a  reactionary   temperaturo — ofton   as 

days,  descends  to  normal  and 


r,28  PERIPHEKAL    ANI)    OUANIAL    .\KRVES 

remains  there.  Frequently  there  will  be  considerable  pain  in  the  area  of  the 
wound,  which  is  probably  due  to  irritation  of  the  divided  posterior  roots.  After 
about  3  dajs,  when  the  degenerative  process  is  pretty  well  advanced  in  these 
roots,  the  pain  ceases. 

RESULTS. — These  cases  show  very  prompt  and  evident  relief  f  rom  the  pain 
and  a  rapid  improvement  in  general  health.  Many  cases  of  this  tvpe  which  are 
submitted  for  operation  have  developed  the  morphin  habit  during  their  long 
periods  of  siiffering.  In  these  cases  the  general  improvement  is  not  nearlv  so 
rapid,  and  there  is  the  drug  habit  to  struggle  against  in  addition. 

If  the  roots  involved  are  many,  the  division  of  ali  of  them  inay  lead  to  certain 
8ensory  and  trophic  disturbances.  The  trophic  disturbances  are  usually  superficial  and 
f requently  8how  in  the  form  of  blebs  such  as  pemphigus.  The  sensorj  disturbances  take 
the  form  of  anesthesia.  If  the  nerve  roots  involved  8upply  the  extremities,  the  division 
of  3  or  4  complete  roots  con8ecutively  may  lead  not  only  to  8en8ory  and  trophic  dis- 
turbances, but  may  also  give  rise  to  ataxia  of  greater  or  less  d^ree,  according  to  the 
number  of  nerves  divided  consecutively.  Fortunately,  the  majority  of  severe  neuralgias 
involving  more  than  1  or  2  roots,  involve  the  dorsal  nerves,  in  which  the  8eusoi7, 
trophic  and  ataxic  disturbances  are  less  troublesorae  after  multiple  consecutive  section. 

One  of  the  chief  causes  of  failure  to  obtain  relief  from  the  pain  by  posterior  root 
section  lies  in  the  division  of  an  insufficient  number  of  posterior  roots.  There  are  a 
certain  number  of  cases  which  suffer  from  disturbance  of  the  x)eripheral  nerves  in  which 
root  section  gives  no  relief.  Many  neurologists  cla88ify  these  cases  as  having  p?ychic 
pain,  or  memory  pains,  after  the  actual  causative  lesion  bas  disappeared  or  has  been 
disconnected  from  the  sensorium  by  posterior  root  section. 

The  results  vary  more  or  less  with  the  type  of  čase.    In  the  tabetic  gastric 
crises  relief  is  obtained  in  about  50  per  cent.  of  the  published  cases.    In  the 
other  cases  where  relief  has  not  followed  root  section  the  criticism  is  raised  that 
an  insufficient  number  of  posterior  roots  has  been  divided.     Foerster  advocate^^ 
dividing  from  the  fifth  to  the  twelfth  dorsal,  inclusive,  on  both  sides.    Oftcu. 
for  the  first  few  davs,  while  the  process  of  degeneration  is  occurring  in  tnc 
proximal  stumps  of  the  divided  nerves,  the  patient  will  feel  scarcely  any  reh^^ 
from  the  condition  for  which  the  operation  was  advised,  but  after  the  degener^* 
tive  process  is  well  advanced  relief  is  obtained. 

DANGERS. — The  chief  dangers  of  the  operation  are  those  inherent  to    * 
laminectomv,  where  an  accidental  slip  mav  cause  daniage  to  the  cord.     ^ 
other  danger  lies  in  the  possibility  of  infection  of  the  wound,  which,  of  coi^^' 
occurs  but  rarelv.     In  2  of  mv  cases  in  \vhich  infection  occurred  there  wa^ 
involvement  except  in  the  tissues  superficial  to  the  dura,  apparentlv  froin 
fective  chromic  catgut. 


OPEBATIONS  FOB   BELIEF   OF   SPASTI0IT7 

For  the  relief  of  spasticity  in  muscles   (outside  of  orthopedic  mea^  ^ 
which  may  not  properlv  be  considered  in  this  section),  there  are  2  chief  meth^^  ^^ 
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of  procedure  whieh  aim  at  the  peripheral  nerves  and  cause  a  diminution  in  the 
()veractivity  of  the  spastic  muscles.  One  method  work8  iipon  the  peripheral 
nerves  extra8pinally,  and  the  other  method  upon  the  posterior  roots  intra- 
spinally. 

EXTKASPINA.L    OpEBATIONS 

Two  methods  of  extraspina}  operation  have  been  described  and  the  authors 
report  good  resiilts. 

1.  Alcohol  Injection. — AlHson  and  Schwab  (1)  advocate  the  injection  of 
alcohol  into  the  peripheral  nerve  trunks  which  nm  to  the  groups  of  spastic 
nniscles.  This  results  in  motor  paralvsis  and  anesthesia  in  the  distribution  of 
the  injected  nerve,  which  last  a  variable  length  of  tirne,  according  to  the  amount 
and  strength  of  alcohol  injected.  During  the  temporary  flaccid  paralvsis  of  the 
previously  spastic  muscles  the  extremity  is  treated  by  massage,  electricity, 
and  the  various  other  methods  of  physical  therapeutics  applied  to  the  antag- 
onistic  groiips  so  as  to  improve  the  muscular  balancc  of  the  extremity  when  the 
teniporarily  paralyzed  muscles  have  resumed  their  activity.  As  power  begins 
to  return  in  the  paralyzed  muscles,  the  patient  is  also  educated  to  control  the 
activities  of  these  muscles.    The  procesa  may  be  repeated  if  necessarv. 

In  general,  the  operative  method  consists  in  determining  which  groups  of 
muscles  are  spastic  and  in  identifying  the  corresponding  motor  nerve  trunks. 
Under  ether  anesthesia,  incision  is  then  made  over  the  accessible  part  of  the 
nerve  trunk  supplving  the  spastic  muscles.  This  nerve  is  isolated,  elevated  on  a 
blunt  hook,  and  injected  with  alcohol  80  per  cent.,  ^/4  to  1  c.  c.  according  to 
the  size  of  the  trunk.  Immediately  8pa8ticity  is  replaced  bv  flaccid  paralysi8  of 
the  muscles  supplied  by  this  nerve.  The  wound  is  closed  without  drainage. 
No  fixation  of  the  extremity  is  made. 

This  procedure  has  been  applied  to  the  lower  extremities  at  4  different  sites : 
the  obturator  nerve  is  exposed  just  below  Poupart^s  ligament  in  the  front  of 
the  thigh,  and  inj(!cted  for  spasticity  of  the  adductor  groups ;  the  great  sciatic 
is  expo8ed  just  below  the  gluteal  fold,  and  its  branches  to  the  hamstring  muscles 
injected;  the  intemal  popliteal  is  exposed  in  the  popliteal  space,  and  the 
branches  to  the  gastrocnemius  and  soleus  injected;  the  extemal  popliteal  is 
exposed  just  below  the  head  of  the  fibula,  at  which  site  branches  to  either  the 
peronei  or  the  anterior  tibial  muscles  may  be  isolated  and  injected.  These 
diflFerent  exposures  have  usually  been  made  at  different  sittings.  For  more 
detailed  technic  reference  is  made  to  the  publications  by  the  authors  above 
mentioned. 

2.  Hcrvc  Besection. — AnOther  method  of  extraspinal  operation  was  brought 
forward  by  Dr.  A.  Stoffel  (19). 

Tnttead  of  (»iisiiig  temporaij  paralysis  of  musolrs  l>y  injoctinc^  aloohol  into 

'■•eete  portions  of  the  motor  ner\'es  in  vol  vod  so  as  to  cause  a  per- 

the  !  -^--•^-   -*  the  spastic  inusi*l(»s.      Ile  has  donion- 

running  to  the  various  groups  of  mus- 
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cles  practicallj  always  maintain  a  fixed  position  in  the  topography  of  the  mair^ 
nerve  trunk.  With  this  knowledge  at  hand,  he  is  able  to  expose  main  nerv^== 
trunks  and  from  them  to  pick  out  the  fasciculi  (verified  by  electric  stimu^^ 
t  ion)  which  run  to  the  muscles  whieh  he  wi8hes  to  affect  by  his  procedure.  Thi 
amount  of  nerve  resected  depends  upon  the  size  of  the  muscles  involved,  the  de 
gree  of  spasticity,  and  the  relative  activity  of  the  antagonists.  The  nerve  struc 
ture  is  resected  in  such  a  way  as  to  maintain  a  permanent  defect.  This  metho^^  -4 
requires  a  very  minute  knowledge  of  the  topography  of  the  main  motor  nerv*  ^^e 
trunks  and  considerable  experience  to  estimate  accurately  the  amount  of  nerv^  ^^e 
to  resect  in  order  to  give  well-balanced  muscular  activity  afterward. 

It  will  readily  be  seen  that  both  of  these  methods  aim  to  balance  the  musci^c-.-«- 
lar  activities  of  the  extremities  by  diminishing  the  amount  of  power  in  th«  -^cie 
spastic  muscles.  The  method  of  Stoffel  would  seem  to  arrive  at  this  result  wit[r,i=ih 
greater  precision  and  permanence.  He  and  many  other  Avriters  report  mo^^fcst 
satisfactory  results.  For  minute  details  of  his  operative  technic  reference  L^Eris 
made  to  his  publication  above  cited. 

Intraspinal  Operations 

Aside  from  the  difficulty  of  mastering  the  anatomical  and  technical  operativ*5^^e 
details  of  the  extraspinal  method,  it  would  seem  that  a  method  which  woul  ^Bd 
relieve  the  spasticity  without  impairing  the  voluntary  power  of  the  spast^f"  ic 
muscles  would  be  preferable.  Such  a  method  was  published  by  Professcz — ^^ 
Foerster,  of  Breslau  (7,  8,  9). 

Foer8ter'8  Operation. — Foerster  conceives  that  the  spasticity  is  due  to  hvpen  '^^' 
activitv  of  the  retlex  are,  and  that  this  hvperactivitv  results  from  diminish 
control  by  the  ceiiters  of  inhibition  caused  by  some  Icsion  of  the  pyramid 
tracts  whieh  partially  separates  the  upper  cortical  centers  from  the  spim 
centers.  The  basis  of  his  method  consists  in  diminishing  the  reflex  activi 
by  causing  a  break  in  the  reflex  are.  The  best  plače  to  cause  this  break  is  i 
tradurally  by  the  division  of  the  posterior  nerve  roots. 

This  theory  is  supported  by  2  observations  of  considerable  interest. 
a  long  time  it  had  been  observed  that  in  spastic  paraplegics,  if  locomotor  atax^ci  -i^ 
supervened,  the  spastieity  disappeared  pari  passu  with  the  development  of  tb=j:»"^ 
ataxia.  Tt  is  also  known  that  ataxia  begins  essentially  as  a  posterior  root  lesio^^  ■^^• 
The  other  observation  was  made  manv  vears  ago  by  Frankel  and  Beer — ^that  i^^  ^° 
spastic  cases  intraspinal  injection  of  a  local  anesthetic  caused  relief  of  spa— ^^^ 
ticity,  and  with  the  disappearance  of  the  anesthetic,  the  spasticity  recurred.  C^ 
seems,  therefore,  that  permanent  interference  with  the  fimction  of  posteric^^^ 
roots  should  give  release  from  the  spasticity  of  the  corresponding  muscles,  au^*"^" 
this  works  out  fairly  satisfactorily  in  practice. 

The  method  of  procedure  consists  first  in  determining  the  relative  degr^^^ 
of  ižpasticitv  in  the  different  groups  of  muscles,  and  then  in  determining  whi(^''^      , 
posterior  roots  are  most  closely  allied  with  the  innervation  of  the  spast*^      i 
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miiscles.  It  miist  also  be  (ietomiineil  that  tlie  euse  is  one  of  pure  pyranudal 
tract  lesion  and  tliat  the  lesioii  diies  uot  »■oiiipletelv  obliterate  the  function  of 
tbe  pvraniidal  tracta,  because,  iiiider  tliese  eirciimatances,  the  relief  of  spas- 
ticilv  woiild  gitupiv  resnlt  in  tlaceid  paraivsis  of  the  eauie  miiscles.  and 
the  fmirtimial  advautage  to  the  patient  woiild  I>e  iiothing.  The  presence  of 
8>niiptoms  of  seusorv  tract  disturhance  is  eoiiBidered  to  t-ontra-indieate  this 
operation.  as  it  is  not  successful  where  the  Heiisory  difficultv  is  alreadv 
preaent. 

The  method  worlt8  out  most  satiefactorilv  in  the  ]ower  extreniitie8.  As  a 
rule,  the  fourtJi  lumbar  posterior  roota  sbould  be  left  intact,  as  their  divigion 
frc(|iieiit.ly  resiilts  in  imdue  relaxation  of  the  qiiadricep8  eKtcnsor,  aml  locomo- 
tioii  is  ciirrespitndinfilv  uiicertain.  \\'LetIier  the  fmiiili  root  is  related  lo  the 
ciiiiidricops  oxtonaor  mav  be  dotermined  at  t!ic  tirne  of  operation  bv  testing  the 
fourth  anterior  root  with  the  faradic  onrrcnt.  M  stimulation  of  the  aiitcrior 
root  caiises  qiiadricep8  eKtenaion,  the  corresi>ondinp  posterior  root  shouM  be 
left  intact.  Occasionallv  this  nniscie  is  controlled  chieflv  bv  the  third  lutubar 
root,  in  whicb  čase  it  ahoiild  be  left,  inatead  of  tlie  fourth.  The  roota  involved 
in  spastic  parapiepia  include  frora  the  twelfth  dorsn!  to  the  second  sacral. 
Xpni'e8  bplow  thi.'  second  sacral  ahoiild  not  Ite  divi<lcd  for  fear  of  damagc  to  the 
fnnctiona  of  tbe  bladdcr  and  rcctnni.  No  ninre  than  2  consecntive  posterior 
roots  shonld  be  completelv  divided  becanse  aeusorj  and  trophic  distnrbances 
mav  oeciir.  The  surprisiiifi;  fact  that  y  or  oflen  it  consecntive  roots  mav 
be  divided  without  caiiaing  obvioiia  eensorv  disturbances  is  dne  to  the  ovorlap- 
ping  of  fibers  of  adjaccnt  roots  in  the  diatribiition  of  sensorv  innervation,  as 
mentioncd  nnder  Anatomical  Considerations.  Cases  are  on  record  vvhere  3.  4, 
anil  even  5  roots  have  been  consecntivfllv  divided  withont  obvions  sensorv  or 
trophic  distiirbances  aftorward,  but  tiits  is  dietiuctlv  against  the  nile.  The 
procedure,  therefore,  resolvos  itseif  into  chooainfj  whicli  posterior  roots  shall  be 
divided  in  a  given  čase,  and  theae  miist  be  determined  according  to  the  roots 
which  Biippiv  innervation  to  the  apastic  innscies, 

OPERATIVE  TECHNIC. — The  roots  are  expo8ed  by  the  method  of  nnilateral 
linninccloniv  or  bv  the  more  conimonlv  nsed  method  of  bilatcral  laminectomj, 
The  ncrve  roots  for  the  lovver  extrcmitips  Icave  the  dnra  practicallv  on  a  level 
with  tho  middle  of  tlie  spinons  proces«  of  the  vcrtebra  correspondiiip  in  num- 
ber  In  the  nervc,  and  the  oxit  froin  the  dura  is  the  oniv  eure  way  of  identiiyiin 
the  nerve. 

It  is  oftcn  difficiilt  to  exactly  locate  a  definite  iierv^  I 
nietbndB  for  positive  identilication  is  to  pbi(«  a  i 
tip  of  the  spinons  procesa  of  what  is  thotigbtj 
and  then  to  take  an  X-ray  pictnrc  of  thitti^ 
identifv  the  spinons  procesa.     \Vhcn  the  i 
the  skin  shonld  hc  inadc  so  as  to  kccp  Ibo  ijBj 
1  nntil  the  time  of  operation.    \Vith  ono  r 
to  pet.  the  othcrs.    For  the  rclation  of  ih©  y 
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roots  the  reader  may  be  referred  to  Bing^s  "Compendium  of  Regional  Diag- 
nosiš." 

After  the  dura  has  been  opened,  as  in  the  method  of  iinilateral  laminectomv 
(Fig.  79),  silk  retraction  sutures  are  passed  through  the  edges  of  the  dura,  2  or 
3  on  each  si  de,  and  it  is  pulled  up  firmly  over  the  divided  bone  surfaces,  bothto 
give  better  exposiire  to  the  intradural  contents  and  to  prevent  oozing  from  tlie 
extradural  venous  plexus.  The  posterior  roots  are  picked  up  on  a  blunt  book 
(Fig.  1)  after  proper  identification,  thoroughly  compressed  with  a  heavv  clamp, 
and  then  divided  with  blunt  scissors  through  the  compressed  segment  (Fig.  2), 
This  prevents  oozing  from  the  divided  ends  of  the  nerve,  which  othenvise  woul(i 
be  sufficient  to  render  the  spinal  fluid  murky  and  interfere  seriously  with  the 
progress  of  the  operation.  As  the  posterior  and  anterior  roots  leave  the  diiral 
canal  they  are  very  closely  apposed,  and  are  bound  together  by  a  light  fibrous- 
tissue  sheath.  The  line  of  division  can  readily  be  made  out  by  inspection,  and 
they  may  be  easily  separated  from  each  other  and  the  posterior  root  elevated 
on  a  hook.  After  the  nerves  have  been  divided  and  the  blood  carefully  removed 
from  the  dural  canal,  if  any  has  oozed  in,  the  dura  is  closed  by  a  continuous  cat- 
gut  stitch,  and  the  remainder  of  the  wound  closed  without  drainage,  as  described 
in  the  operation  of  unilateral  laminectomy. 

No  fixation  dressings  are  applied.  Prof.  Foerster  often  puts  the  extreraitie8 
in  well  padded  casts  to  overcome  the  deformities  as  far  as  possible.  The  pa- 
tients  are  verv  uncomfortable  and  in  1  or  2  of  my  cases  pressure  sores  have  de- 
veloped,  which  have  been  exceedingly  slow  to  heal.  Therefore,  I  have  discon- 
tinued  using  casts,  leaving  the  correction  of  such  organic  deformities  as  may 
persist  after  the  spasticity  has  been  relieved  until  a  later  period  when  the  woiuid 
has  healed. 

RESULTS. — These  patients  are  very  likely  to  have  a  fairly  sharp  reactioD 
with  a  temperature  running  to  103°  or  104°  for  the  first  24  or  48  hours,  after 
which  tirne  it  descends  8teadily  to  normal  and  remains  there.  For  the  first  3 
days  thev  usually  have  severe  pains,  which  are  interpreted  to  be  root  pains  trom 
the  irritation  of  the  root-section.  These  pains  disappear,  as  a  rule,  after  the 
third  dav,  when  the  proccss  of  central  degeneration  has  become  v^rell  advanced. 

For  the  first  week  after  operation  attempts  at  moving  the  lower  extremitie^ 
are  verv  likelv  to  cause  pain  in  the  \vound,  and  therefore  a  defensive  rigiditvoi 
ali  the  muscles  occurs.  When  this  tenderness  and  pain  have  disappeared,  the 
releaso  from  spasticitv  in  the  muscles  is  perfectlv  obvious.  The  knees  and  i^^ 
may  frequently  be  abducted  voluntarily  with  comparative  ease.  Attempts  *^ 
voluntarv  motion  of  the  extremities  do  not  result  in  the  previouslv  noticesble 
associated  spasms  of  the  muscles  ali  over  the  body,  and  the  general  conditio^ 
of  the  patient  greatlv  improves.  Patients  are  much  less  liable  to  sudden  8pas- 
modic  responses  to  anv  kind  of  sensory  stimulus,  such  as  sudden  light,  siiddei* 
noise,  etc.  It  is  noticed  that  the  patient'8  nervous  svstem  is  verv  much  itioi* 
equah1c  and  the  disposition  far  less  irritable.  From  this  time  on  the  progress 
of  the  čase  will  depend  very  largely  upon  the  education  of  %he  patient  in  ^^ 
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developnieat  of  the  coordinative  movements  of  the  extremitie3  and  the  develop- 
ment  of  voliintarj-  diaaociated  control.  Thia  process  may  require  2  to  3  year8  of 
ediicational  aftcr-ticatment,  and  with  it  abould  be  included  massagc,  paBsive 
luotioii,  ctc,  fur  tliG  maintenance  of  tlie  nutrition  and  freedom  of  motion  in  the 
joiiits  iiiid  tiiiisclcs  involved. 

If  the  after-treatment,  consisting  of  the  phy8ical  therapeutica  and  ret-duca- 
tion  of  the  patient  in  the  use  of  his  musclea,  is  8yBtematically  and  patiently  car- 
ricd  out,  these  patiente  wi1l  frequently  get  well  enougli  to  dispense  with  their 
crntches  or  other  artiScial  means  of  support  and  to  get  about  with  reasonable 
independcnce  and  freedom.  They  often  get  bo  that  they  can  climb  atairs  by 
themselves  witli  a  fair  degree  of  ease. 

DANOERS  AND  DIFFICULTIES. — The  dangers  of  the  operation  are  chiefly 
thosc  of  infection,  wbich,  of  course,  is  preventable.  In  older  cases  with  very 
rigid  liimbar  muscies  it  is  frequeDtly  difficult  to  do  a  unilateral  laniiQectoniy 
becanse  of  the  dcptb  of  the  wound,  the  rigidity  of  tbe  muscies,  and  the  fact  that 
often  in  adolescenta  the  laminee  are  composed  of  very  bard  bone.  The  same 
difticidties  apply,  but  in  somewhat  lesser  degree,  to  a  biiateral  laminectomy. 
If  b^'  mistake  the  tbird  or  foiirtb  sacral  root  should  be  divided,  there  inay  be 
distiirbanecB  in  tbe  functions  of  tbe  bladder  and  rectum.  If  more  than  2  con- 
secutivc  roots  are  dtvided,  there  is  a  poasibility  of  trophic  disturbances  oo- 
eurring,  oven  though  they  may  not  make  tbeir  appearance  for  some  few  weeks 
or  montbs  after  operation. 

In  cascs  wbere  the  spaatic  condition  bas  existed  long  enougb  so  tbat  organic 
contracturc  bas  occiirred  in  many  of  the  muscies  and  there  are  fixed  deformi- 
ties  of  the  joints  independent  of  the  deformities  due  pure)y  to  the  Bpa8ticity  of 
the  muscies,  it  may  be  necessary  to  use  one  or  more  of  tbe  various  ortbopedic 
measiires  to  put  the  extremitiea  in  proper  position  to  take  advantage  of  the 
release  from  miiscular  spasticitj,  i.  e.  tendon  lengthening,  plaster  casts,  etc. 

INDICATIONS  FOR  OPERATION. — This  procedure  is  indicated  in  spastic  eon- 
ditions  of  atl  kinds  in  wbicb  there  is  a  pure  pyramidal  tract  lesion  wbicb  doea 
not  causc  complete  losa  of  function  in  the  pyramidal  tract,  i.  e. : 

Spastic  paraplegia. 

Congenital  type — Little's  diaease. 
Witb  hydrocepbaluB. 
Witb  Bpinal  aypbi]ie. 
Diseetninated  scleroaiB. 

SpoBtic  bemiplegia. 

Operative  attaok  is  oontn-indioated  in  leaions  which  Bbow  active  progresa. 

OPBSATION    FOR   BEUEF    OF    SPASMODIC    TOBTICOLLIS 

noM)ly  allivd  to  oUrar  fonnu  of  mnscuiur  spa3ti(.-ity  is  one  of  tho  varioua 
typc»  uf  "wry-nfck."  Tlie  »rj-nttJt  whiiili  is  due  to  organic  chaupr  and  con- 
tractnre  in  Ui6  JMBBBMBfcBllBfcof  ratator  muaclea  of  tbe  bead  and  neck, 
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will  not  be  coiisidered  here,  but  rather  the  type  of  purely  spasmodic  WT7-neck 
without  orgaiiic  changes  in  the  muscular  tissues.     There  are  some  neurologists 
who  maintain  tliat  this  tvpe  of  wry-neck  is  more  or  less  a  habit  spasm  and 
almost  entirelv  psvchical  in  origin,  and  that  it  should  never  be  operated  iipon, 
but  rather  treated  by  suggestive  therapeutics.     On  the  other  hand,  man  v  cases 
of  persistent  spasmodic  torticollis  have  been  successfullv  treated  by  means  of 
resection  of  the  nerves  8upplying  the  muscles  involved  in  the  spasmodic  process. 
These  nerves  inchide  the  spinal  aeeessory  (resection  of  which  has  been  describecl 
elsewhere),  for  the  purpose   of  paralyzing  the   sternomastoid   and  trapeziiis 
muscles;  the  second  and  third  cervical  nerves  and  the  suboccipital  branch  froi-E^i 
the  first  cervical  nerve,  for  the  purpose  of  paralyzing  the  splenius  capitis,  recttms 
capitis  posticus  major,  and  obliquus  inferior  muscles. 

Eesection  of  the  Cervical  Nerves  (Eeen'8  Operation). — For  the  resection  of 
the  cervical  nerves,  Keen's  operation  is  the  best  procedure. 

The  patient  is  laid  prone  on  the  table  with  the  head  somewhat  flcxed  on  ttm« 
chest  and  preferably  with  the  head  upon  a  head-rest,  such  as  is  described  und^^r 
the  section  on  Cranial  Surgery. 

There  is  frequently  some  confusion  in  the  mind  of  the  surgeon  as  to  vhicr-^ 
nerves  should  be  resected.  Inasmuch  as  the  sternomastoid,  trapezius,  cchk^' 
plexus,  and  inferior  ob]ique  muscles  turn  the  face  toward  the  opposite  side,  or"*^ 
would  resect  those  posterior  nerves  which  lie  on  the  same  side  as  the  spasraod  m  <5 
sternomastoid,  and  it  may  be  stated  that,  as  a  rule,  resection  of  the  spinal  sl^^" 
cessory  should  be  done  in  conjunction  with  Keen's  operation. 

A  transverse  incision  is  made  through  the  skin  at  a  level  about  2  cm.  belo"^^ 
the  lobule  of  the  ear,  and  running  from  the  median  line  outward  for  a  distanc:^^ 
of  6  to  10  cm.,  according  to  the  size  of  the  neck.     This  section  is  continu^^* 
down  through  the  trapezius  muscle,  which  lies  just  beneath  the  subcutaneoi^:*- 
structures.     The  trapezius  muscle  is  reflected  downward,  and  at  about  1  to      ^ 
cm.  below  the  level  of  the  incision  will  be  found  the  occipitalis  major  nen^^^? 
where  it  perforates  the  complexus  muscle,  whieh  lies  just  beneath  the  trapezii:^-^. 
This  nerve  is  carefullv  followed  throuijh  the  complexus  muscle  bv  means    <i>i 
section  transverse  to  its  muscular  fibers.     On  the  deeper  side  of  the  comple^^-i"^ 
the  nerve  is  follovved  to  its  bifurcation  with  the  second  cervical.     An  extensi^^^ 
piece  is  then  excised  from  both  the  occipitalis  major  and  the  second  cen'ic'^'- 
The  upper  piece  of  the  eomplexus  is  reflected  upward  until  the  suboccipital  "tri- 
angle is  exposed.     This  is  bounded  by  the  2  oblique  muscles  and  the  rect^^^ 
capitis  posticus  major.     At  the  antero-extemal  angle  of  this  triangle  the  fi^^^ 
cervical  nerve  passes  outward  above  the  arch  of  the  atlas.    A  large  piece  of  tb^"' 
nerve  is  resected.    The  lovver  piece  of  the  complexus  is  then  reflected  do\vnwar"' 
and  at  a  level  2  to  3  cm.  below  the  second  cervical  nerve,  which  has  alrea«.^ 
been  resected,  will  be  foimd  the  third  cervical  nerve,  which  supplies  the  splem^* 
capitis.     The  external  branch  of  the  posterior  division  of  this  nerve  is  wiJ^v 
resected.    The  cut  muscles  are  now  united  with  catgut  sutures  in  lavers,  and  tn^ 
skin  is  sutured  with  silk,  without  drainage.    Sterile  dressings  are  applied,  and  ^ 
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plaster-of-Pari8  dressing,  inchiding  the  head,  neck,  and  shoulders,  is  applied, 
with  the  head  in  overcorrected  position.  This  plaster  support  is  retained  from 
6  to  12  weeks,  according  to  the  severi ty  of  the  čase. 

The  chief  difficultj  of  the  operation  lies  in  finding  the  nerves  in  a  field 
which  is  exceedingly  bloodv.    The  operation  itself  is  not  dangerous. 

If  failnre  to  obtain  relief  oceurs,  either  there  has  been  some  of  the  element 
of  organic  muscular  shortening  in  the  čase,  or  the  nerves  have  not  been 
eonipletely  resected.  In  čase  the  muscles  at  the  tirne  of  operation  should 
show  evidence  of  organic  shortening,  they  may  be  divided  and  left  unsu- 
tured  in  a  manner  similar  to  that  in  which  they  are  treated  in  spastic  wry- 
neck. 

^rany  satisfactory  results  have  been  reported,  although  the  tendencj  to 
recur  is  ver  v  marked. 

Fosterior  Eoot  Section. — There  is  one  other  procedure  which  may  eventually 
prove  to  have  some  value.  It  was  tried  in  a  čase  of  spasmodic  tort icol lis  some 
3  years  ago.  The  procedure  was  based  upon  the  theory  of  the  Foerster  opera- 
tion for  the  relief  of  spasticity.  It  consisted  in  the  section  of  the  posterior  roots 
of  the  upper  4  cervical  nerves,  in  addition  to  the  resection  of  the  spinal  acces- 
sorv,  as  previonsly  described.  This  posterior  root  section  was  done  through 
a  iinilateral  larainectoray  involving  the  upper  3  vertebrae.  Great  čare  had 
to  be  exercised  in  cutting  the  posterior  root  of  the  first  nerve  because  of  the 
close  proximity  of  the  medulla.  In  this  čase  no  fixation  dressing  wa8  applied, 
but  the  paticnt  was  simplv  put  to  bed  with  an  ordinary  sterile  dressing.  She 
was  able  to  lie  flat  on  her  back  with  the  face  straight  forward  for  the  first  time 
in  3  years.  In  a  couple  of  week8  she  was  able  to  get  her  face  straight  forward 
and  even  to  rotate  the  chin  about  halfway  over  toward  the  opposite  shoulder. 
Under  conditions  of  nervous  excitement  there  was  a  tendency  to  retum  to  the 
original  deformitv,  but  never  to  the  original  degree.  There  was  no  loss  of  vol- 
untary  muscle  power  after  this  posterior  root  section.  She  was  lost  to  observa- 
tion  after  3  months. 

This  operation  has  been  done  once,  with  fair  success,  but  cannot  be  recom- 
mended  for  general  use  as  yet. 


OPERATIONS  FOB  RELIEF   OF   PARALT8IS  AND   REPAIR  OF   INJURT 

TO    NERVES 

Paralysis  may  result  either  from  lesions  in  the  central  nervous  system  or 
from  those  in  the  peripheral  nerves.  The  lesions  of  the  central  svstem  include 
8ueh  conditions  as  poliomyeliti8,  hemiplegia,  and  damage  from  traumatism, 
inflaminations,  and  new  growth8.  Paralysi8  resulting  from  lesions  of  the 
p«r^)Moml.  Mnm  maj  be  dne  to  injuries,  including  pressure  from  callus  or 

'  to  inflamrnationa  of  the  nen^es  \vhieh  mav  result 

• 

tment  is  the  most  that  can 
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be  given.     For  certain  of  the  others  there  are  various  procedures,  one  or  th 
other  of  which  may  be  used  for  the  relief  of  paraljsis. 

A  general  description  of  the  different  procedures  may  well  be  given  he 
and  then  applied  to  the  various  conditions  as  they  arise. 

Opebativb  Peoceditrbs 

Neurotomy.— Section  of  the  nerve,  either  transverse  or  longitudinal. 

Nenrectomy. — An  excision  of  a  greater  or  less  part  of  the  nerve — to  be  doao 
with  a  sharp  scalpel,  never  with  scissors. 

Neurectasy. — For  neurectasy,  or  nerve  stretching,  the  nerve  is  exposed  aad 
separated  f rom  its  surroundings ;  the  finger  is  inserted  beneath  the  nerve  trunl^, 
which  is  pulled  firmly,  first  from  the  central  end  and  then  from  its  peripheral 
end,  8teadily  for  about  5  minutes.     The  amount  of  force  used  varies  with  tlie 
size  and  situation  of  the  nerve.     For  small  nerves,  such  as  the  supra-orbital, 
very  slight  force  is  permissible,  but  for  a  large  nerve,  such  as  the  sciatic, 
the  puli  mav  be  up  to  85   pounds.     In  pulling  from  the  central  end,   less 
force  should  be  used  so  as  to  avoid  tearing  the  nerve  roots  from  the  spinal 
cord.     After  the  nerve  bas  been   thoroughly  stretched,   it   is   dropped  bact 
into  plače  and  the  incision  closed  without  drainage.     Motion  and  sensation 
will  be  absent  more  or  less  completely  and  for  a  varying  length  of  tim«? 
according  to  the  amount  of  compression  and  traction  exerted  on  the  neir^® 
trunk. 

Nerve  Avulsion. — Nerve  avulsion  is  applied  in  the  čase  of  certain  oenscp^ 
nerves  which  are  the  seat  of  an  intractable  neuralgia.  The  nerve  is  exposed  sl^*^^ 
grasped  bv  a  curved  hemostatic  forceps,  which  is  then  slowly  and  steacli  v 
twisted,  thus  vvinding  the  nerve  around  it  until  the  nerve  tears  away  central^?' 
often  many  centimeters  proximal  to  the  avulsing  clamp.  The  twist  is  then 
versed,  and  as  much  as  possible  of  the  peripheral  portion  of  the  nerve  is  avu^ 
in  a  similar  manner. 

Neurorrhaphy. — Many  methods  of  nerve  suturing  have  been  described  ^^^^^ 
pictured,  of  \vhich  2  tvpes  are  worth  while.  Of  these  2  types  of  suturing,  c:^'^® 
consists  of  the  through-and-through  method  and  the  other  of  lateral  tens^-  ^^ 
suturing  with  peripheral  apposition  sutures. 

THROUGH-AND-THROUGH  METHOD. — The  through-and-through  method.         ^^ 
permissible  when  the  nerves  to  be  sutured  are  of  small  caliber  and  apposi^t"^^^ 
can  be  maintained  without  tension  on  the  suture.    The  suture  is  passed  thro^^^-^ 
the  center  of  eaeh  nerve  end,  from  Vi  to  i/^  cm.  distant  from  the  end  ( 1*      ^^' 
3,   A   and   B).     Under  these  circumstances  the  through-and-through   siit«-^^ 
causes  good  apposition  and  creates  a  minimum  amoimt  of  irritation  and  oot^^^ 
quent  secondarv  cicatrization. 

The  suture  is  best  composed  of  either  very  fine,  smooth  catgut  or,  wheii     ^^ 
can  be  obtained,  a  fine  strand  of  rat-tail  tendon,  which  is  very  strong  and  p^^ 
feetlv  smooth.     It  is  undesirable  as  a  rule  to  u^e  silk  for  throu^h-and-throo^ 
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Fio.  3. — ^A,  Epineurium  Rbmovbd  from  Nbbvb 

END8     AND     ThROUOH-AND-THROUOH     SuTUBB 

Pabsbd  Rbadt  for  Ttino.  b,  Throuoh- 
and-throuoh  suture  tled  to  appr0ximatb 
Nbrve-bnds.  a  few  small  superficiai  sutures 
have  been  plaoed  at  the  junction  of  the 
nervee  to  prevent  lateral  displaoement  of 
their  ends. 


sutures  bccause  it  is  practically  non-absorbable  and  is  apt  to  cause  a  certain 
amoiint  of  chronic  irritation,  with  connective-tissue  formation. 

In  larger  nerve  tninks,  where  no 
tension  at  ali  will  occur  upon  the  su- 
ture,  the  through-and-through  method 
niay  be  used,  the  sutures  being  passed 
i/o  cm.  from  the  ends.  In  addition,  to 
prevent  lateral  displaeement  of  the 
apposed  ends,  2  or  3  peripheral  su- 
tures may  be  passed  through  the  2 
nerves  to  keep  them  in  proper  align- 
ment. 

LATERAL     TENSION     METHOD. 

Where  the  nerve  suture  will  be  sub- 
ject  to  some  little  tension  the  through- 
and-through  suture  is  not  satisfactory 
because  of  the  damage  to  the  2  ends  of 
the  nerve  eonsequent  to  the  continuous 
puli.     Under  these  conditions  each  of 

the  2  nerve  ends  is  treated  as  follows:     The  sheath  is  removed  by  a  sharp 
scalpel  for  about  ^4  cm.  from  the  end  of  the  nerve,  which  has  already  been 

freshened  transver8ely.  On  opposite 
sides  of  the  nerve,  and  about  0.5  cm. 
from  its  end,  2  fine  silk  sutures  are 
passed  through  the  epineurium,  get- 
A  ting  a  good  hold  and  being  tied  in  a 
8quare  knot  so  as  to  get  a  side  hitch 
(Fig.  4,  C).  These  sutures  are  left 
long  and,  when  they  have  been  placed 
in  both  nerve  ends,  the  correspond- 
ing  pairs  are  tied  together  so  as  to 
approximate  the  nerve  ends  (Fig.  4, 
D).  To  prevent  lateral  displace- 
^  ment  of  the  ends,  a  fine  catgut 
suture  may  be  run  around  the 
periphery  of  the  nerve  joint,  or  a 
few  interrupted  sutures  may  be 
used. 


Fio.  4. — A,  Side  Sutureb  Which  Havb  Been 
Passed  TeRonoH  the  Epineurittm  akd  Tied 
so  AS  TO  Get  a  Side  Hitch  on  Epineurium. 
These  sutures  will  stand  oonsiderable  tension. 
B,  Lateral  Sutures  Tied  and  a  Fbw  Pbriph- 
bbal  Sutures  to  Prevent  Lateral  Dibplacb- 
mbnt  of  Ends.  The  nerve-suture  area  is  then 
wnpped  in  Cargile  membrane,  whioh  is  nol 
in  the  drawing. 

losition  of  nerve  ^ 
lasnugr  be 


Oeneral  Principles In  ali   nerve 

BUture  work   there   are   certain   general 

principles  and   precautiona  which  must 

'^refullj  observed.     The  objeet  is  al- 

the  2  ends,  to  have  a  suture  which 

given  čase,  and  yet  will  interfere 
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as  little  as  possible  with  the  structure  of  the  nerves  and  cause  as  little  compression  of 
nerve  fibers  as  possible.  Again,  precautions  must  be  taken  to  prevent  the  formation  of 
eonnective  tissue  in  the  space  between  the  2  nerve  ends.  To  have  the  nerve  ends  per- 
^ectly  frc?e  from  bleeding  prevents  the  formation  of  a  small  blood-clot  between  them, 
with  later  cicatrization  and  interferenee  with  union  and  regeneration. 

The  cpineurium  should  be  removed  by  sharp  disseetion  for  about  0.25  cm.  from 
the  end  of  each  nerve  to  prevent  it  from  slipping  forward  and  curving  inward  between 
the  nerve  ends.    To  avoid  adhesions  to  surrounding  struetures  and  to  prevent  connec- 
tive  tissue  from  growing  in  between  the  nerve  ends,  the  junction  should  be  surrounded 
by  Cargile  membrane  or  some  other  similar  innocuous  organic  structure. 

Nerves  should  never  be  grasped  directly  with  either  the  fingers  or  instrumenta. 
The  bcst  way  is  to  grasp  the  epineural  sheath  and  then  dissect  away  the  surroundir^^ 
struetures  from  the  nerve,  causing  the  least  possible  traumatism  to  the  nerve  its<3l.i. 
Ali  disseetion  should  be  done  with  a  sharp  scalpel  and  never  with  scissors,  which  liflL^e 
a  crushing  elTect  and  cause  interferenee  with  later  reunion  and  regeneration  of   'fcTie 
nerve  ends.    The  sutures  should  be  passed,  when  possible,  simply  through  the  epineii-  '^^ 
sheath,  at  some  little  distance  from  the  freshened  end.    As  a  matter  of  fact,  suclrm-  a 
Huturo  always  includes  a  few  nerve  fibers. 

AKTER  TREATMENT. — After  the  nerve  sutiire  is  completed  and  the  jo^nt 
wnii)j)C(l  \vith  membrane,  the  nerves  are  laid  baek  in  plače,  the  wound  is  clo^^ed 
withont  (Iraina^e  after  perfect  hemostasis,  sterile  dressings  are  applied,  and  ^^i^he 
oxtromity  is  put  iip  in  snch  a  position  as  to  give  the  maximum  relief  fr^om 
tonsion.  This  position  may  be  maintained  by  some  form  of  brace,  by  a  plasfc^r- 
of- Pariš  bandage,  or  by  a  simple  gauze  bandage. 

SECONDART  NEURORRHAPHT. — In  secondary  neurorrhaphy  we  usiifi*-^'? 
find  after  the  exposure  of  the  nerve  ends  a  large  bulbous  growth  on  the  proxit»^*' 
nerve  end,  and  a  similar,  though  smaller,  one  on  the  distal  nerve  end.  Tb^^^ 
bulbs  are  made  up  of  a  conglomeration  of  fibrous  tissue  and  immatiire  ne«^^® 
fibers.  Before  a  satisfactorv  nerve  suture  can  be  made  these  bulbous  extrex=^"3^' 
ties  muat  be  removod  iintil  normal-looking  nerve  bundles  appear  on  the  tr«-^*^^' 
verse  section  of  the  nerve  ends.  Some  wTiters  have  reported  satisfaetory  ^^ 
generation  when  onlv  a  portion  of  these  bulbs  was  removed  and  end-to-^^^^ 
anastomosis  betwecn  the  remainder  of  the  bulbs  accomplished,  but  this  mettB-^ 
seems  less  likelv  to  give  satisfactorv  results  than  the  other. 

Sherren  states  that  in  aecondarv  sutures  it  is  not  worth  whi]e  to  remove  ^^^^ 
more  than  the  fibrous  end  of  the  peripheral  stump,  as  the  whole  thing  is  notH  "■-"S 
but  fibrous  tissue.  IFovvever,  manv  times,  in  caaes  several  years  after  the  i^^^^' 
dence  of  the  paraivsis,  I  have  been  able  to  get  to  good-l(K)king  fasciculi  ■ 
resecting  a  generous  piccc  from  the  end  of  the  peripheral  stump.  It  is  ^^^ 
custoni  to  take  small  cross-sections  until  the  fasciculi  appear  in  the  stump.  T7-bis 
seema  to  me  to  improve  the  prospects  of  a  satisfactory  result. 

Nenroplasty. — Xeurop]asty  is  the  plastic  bridging  of  defects  so  as  again    ^ 
connect  damaged  peripheral  nerves  with  the  central  nervous  8ystem.     It    ^^" 
cludes  several  different  procedures. 

NERVE  ANASTOMOSIS. — This  procedure  is  accomplished  in  one  of  severa^ 
different  ways.    In  the  first  plače,  the  peripheral  portion  of  the  paralyzed  nen^^ 


OPEKATTONS    ON    THK    PKRIPIIERAI,    NERVES 


5;19 


inav  bo  coiiiiected  witli  the  ne  igli  bori  ii^;  soiiiiil  iierve  b.v  1  tif  3  metiioda.  In  the 
sound  nerve  tliere  inay  be  made  simpij  a  iongitiidinal  alit  into  vvhieh  the  end  o£ 
the  peripherai  segment  of  paral.yEed  nerve  ia  inaertcd  aud  held  fast  by  entures 
(Fig.  5).  A  certain  niiraber  of  tibere  of  the  soiiiid  nerve  are  alwa.va  divided 
by  this  longitudinal  incision  and  insnre  union  with  the  paralvzed  nerve,  with 
return  of  fnnctioii.  This  procedure  reaches  itst  best  snccesa  wh«n  the  paralvzed 
nervo  is  ainail  in  size  and,  therefore,  necda  biit  comparativel^  few  tibers  from 
the  sound  ner\'e  to  caiiae  its  regeneration. 

Anotlier  wa,y  conaists  in  making  an  obIiqiie  tranaverae  incision  through  a 


Fios.  5.  6.  AND  7. — Phabeb  or  Ninv*  Anastomosis.  Id  esch  figure  the  dark  uervo  is  th«  paralviad 
and  the  light  nerve  u  the  sound  one.  C  repreaenta  the  central  end  o(  the  sound  nerve.  G  shom 
the  implantation  of  tbc  penpheraJ  stump  of  the  paralyied  nerve  into  b  lonsitudinal  slit  in  the  nound 
nerve.  6  ahows  implantation  into  an  obligue  tranaveriie  ulit  in  the  sound  nerve  thus  ^ving  more 
dcfinite  end-to-end  appoaition  o(  the  nerve-fibers  in  the  two.  7  BhowB  end-to-end  niture  betweeo 
the  paralvied  nerve  and  a  portion  of  the  Kiund  nerve  elevated  after  tranaverae  section.  It  ia  a  lUcht 
modi&CBtion  of  6. 

portion  of  the  sound  nerve  and  the  insertion  of  the  peripherai  para1yzed  nerve 
into  this  tranaverae  alit  (Fig.  6).  Thia  insnrea  a  considerablv  greater  nurnber 
of  divided  nerve  fibera  for  the  regeneration  of  the  paralvzed  nerve.  The  third 
niotbod  conaists  in  transverse  section  of  a  portion  of  tlie  sonnd  nerve  and  the  dia- 
section  iipward  of  the  portion  of  nerve  thna  divided  (Fig.  7)  and  tlie  iise  of 
this  central  rcflected  stiimp  for  the  purpoac  of  end-to-end  suture  with  the  para- 
lvzed peripherai  nerve  stump. 

With  the  same  2  nervea  3  other  procedurea  are  possible,  reversing  the  2 
thinga  done  to  the  paralyzed  and  peripherai  nervea,  For  instance,  the  longi- 
tudinal  sHt,  the  tranaverae  section,  or  the  reflcction  of  the  portion  of  nerve 
trnnk  may  be  applied  to  the  paralyzed  nerve  on  the  peripherai  en<l  and  a  por- 
tion or  tbo  whoIe  of  the  central  end  of  tbe  sound  nerve  mav  be  nscd  for  anaato- 
moni.    Then  laat  3  tjpes  are  rare1y  of  aervice. 

oheral  stiimp  of  the  paralvzed  nerve  ia  iniplanted  into 

l  ouei  wh  •  diaease  haa  destroved  too 

haa  sometimes  been  ad- 
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vieed  to  implant  the  central  etump  of  the  paraljzed  nerve  also  into  the  same 
sound  nerve  at  a  higher  level,  with  the  hope  that  ita  Ebers  will  grow  dowii  along 
the  Bound  nerve  and  reunite  with  its  own  peripheral  stiimp.  Since,  however,  it 
has  been  shown  that  the  asis  cjlinders  in  the  central  end  of  the  dividod  nerve 
have  no  preference  for  those  of  its  own  peripheral  end,  the  results  wouId  prob- 
ably  be  better  if  the  central  end  were  not  used,  aa  the  con8eqnent  confuaion  of 
asis  cvlinders  might  well  interfere  with  coordination  later  on. 

NERVE  CROSSINO. — Nerve  crossing  refers  to  the  procedure  where  the  cen- 
tral end  of  the  sound  nerve,  divided  completely  transverselj,  is  sutured  to  the 
peripheral  end  of  the  paralyzed  nerve,  aiso  divided  tran8verBely. 

NERVE  BBIDOiNG. — Nerve  bridging  refers  to  the  attempt  to  cause  nerve 
regeneration  over  the  gap  which  ezists  between  the  enda  of  a  divided  nerve  io 
li,  iiil  I  |ll  cases  Tvhere  nerve  stretching,  combined  with  the  moat  favo^ 
J       I  I      able  poeition  of  the  extremitv,  stili  fails  to  overcome  the^p. 

^ — tI  i  IIIiII  The  rather  frequeEtly  plctnred  and  recommended  method  of 
making  plastic  flapa  from  each  of  the  2  enda  of  the  dindcd 
nerve  shonld  be  inoit  vi^roiuly  condemned.  No  flapa  tbu9 
obtained  can  do  more  than  form  a  conducting  p8thway  for 
the  fibers  whieh  may  regenerate  between  the  two  nerve  enda. 
To  divide,  tran8versely,  half  of  the  central  stump  co^side^ 
ahly  above  ita  end  and  then  to  turn  this  flap  downwanl  do« 
serious  additional  daraage  to  the  nerve.  It  is  sure  to  cause 
considerable  formation  of  coimective  tissue  and  also  ta  form 
many  adhesions  with  aurroimding  structures  and,  as  a  rule, 
gives  nothing  but  disappointment.  When  this  method  ia  ap- 
plied  to  both  nerve  ends  the  diflScuIty  is  doubled. 

Nerve  Transplantatioks.— The  beat  method  of  nerve 
bridging  conaists  in  autotranaplantation,  i.  e.  the  use  of  i 
nerve  trunk  from  the  same  individiial  to  fill  in  the  gap'  '* 
13  perfectly  possible  to  use  a  8enaory  nerve  for  the  purpo* 
of  filling  in  a  gap  of  motor  nerve,  inasmuch  as  the  traiisp!*''' 
acts  only  as  the  most  favorable  framework  for  the  do^n- 
growth  of  the  nerve.  Instead  of  using  a  single  ti-ansplanted 
section  of  nerve,  it  niay  be  possibie  to  dissect  out  a  conside^ 
able  length  of  some  nerve — for  instance,  the  long  sapbenous 
— which  may  be  cut  into  lengtbs  sufficient  to  bridge  the  0- 
a  bundle  of  these  segments  being  made  eqnal  in  circumiE^ 
cnce  to  the  trunk  of  the  nerve  to  be  repaired.  These  pi«** 
are  sutured  end  to  end  with  the  2  ends  of  tbe  ner\'e  to  be  repaired.  Afte' 
the  end-to-end  sutiire  is  eoniplete,  the  whole  transplant  and  the  2  nerve  suto«^ 
are  vvrapped  in  Cargile  membrane  to  prevent  the  formation  of  adhesions  f 
aurrounding  stnieturea  and  to  prevent  the  ingrowth  of  connective  tisaue  in"* 
the  nerve  joints,  the  2  things  which  will  most  of  ali  prevent  the  retorn  of 
function  (Fig.  8). 


Nbrve.  t  h  i  8 
bridge  is  made  by 
taldng  a  eegment 
from    Bome    other 

patieiit'a  bodyajid 
suturin^i  it  into 
the  sap.  Tbe 
bridged  area  ia 
wrapp»l  with  Car- 
g  i  I  e     membrane 

at  each  end  t«  the 
epineurium  by  a 
(ew     fine     catgut 
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Tlie  ncxt  best  procedure  consista  in  the  use  of  a  transplant  from  another 
human  being,  closelj  related  to  the  patient  if  possible.  A  transplant  taken 
from  aiiiinals — "hoterogeneoua  transplant" — haa  given  exceedingly  feiv  satis- 
factor^v  resiilts,  and  thie  method  ahould  not  be  ueed. 

TuBULizATioN. — Of  thc  luanj  other  methoda  which  have  been  described, 
that  of  tubulization  is  next  best  to  autotransplautation.  Tbe  method  of  tubu- 
lization  consista  in  making  a  framework  of  catgut  strands  between  the  2  enda 
of  the  divided  nerve  and  then  surrounding  this  framework 
bv  some  atructnre  which  acta  as  a  tube  for  the  direction  of 
the  regenerating  nerve  fibera  and  for  the  prevention  of 
interference  with  regeneration  by  adheaions  with,  or  con- 
nective  tissue  ingrowth  from,  surrounding  atmcturea. 
(Fig.  0.)  Cargile  membrane  is  one  of  the  most  satiefac- 
tory  materiala  to  use.  It  can  be  wrapped  around  the  cat- 
gut strands  and  the  2  ends  of  the  divided  nerve  to  make  a 
satisfactory  tube.  Other  materiala  which  have  been  tried 
are  sterilized  preserved  arteriea  from  animala,  gelatin 
tubes,  and  paraffin  wax  tubes,  but  these  are  difficult  to  get 
on  short  notice  and  have  no  advantages  over  the  Cargile 
membrane. 

Kerve  Bridoiso  bt  Usk  of  a  Vbis. — Another 
method  consista  in  dissecting  a  vein  from  the  patient,  alip- 
ping  it  up  over  one  end  of  the  nerve  until  the  bridging 
sutures  have  been  placed,  and  then  sliding  the  vein  down 
so  as  to  form  a  protective  tube  covering  in  both  the  bridg- 
ing sutures  and  tbe  respeetive  enda  of  the  nerve,  to  wbicb 
it  is  fixed  by  1  or  2  fine  catgut  auturea  at  each  end.  This  procedure  is  by  no 
nieans  so  easv  as  it  sounda,  for  tbe  vein  ahrinks  and  is  very  difficult  to  manipu- 
late. 


9.— Oap 


PlO.  9 

Nbbvs  Enim  Biudobd 
BI  Means  or  Chbo> 
MIC  Catodt  Loora; 
CABaii.1   MEMUAm 

UbED  to  C0MPI.BTB 
TmDUIATTON. 


The  Inngcst  dietance  which  has  been  satiafactorilf  bridged  haa  been  4  in.,  but  aa 
a  rulo,  rcfconpration  over  so  long  a  distance  abould  not  be  espected.  There  ia  rauch 
more  hope  of  bridging  over  any  space  lesa  tban  3  in. 

BONE  RKSECTION.— Another  procedure,  whieh  can  Bcarcely  be  called  a 
neuropla8ty,  but  which  is  a  plastic  operation  done  in  order  to  approximate  the  2 
ends  of  the  nerve,  consista  in  the  resection  of  sufBcient  length  of  bone  so  that 
the  nerve  will  come  together  when  the  ends  of  the  bone  are  again  fastened  to- 
gether.  Direet  end-to^^nd  suture  of  the  ner\'e  is  then  possible.  The  level  of 
bone  aection  ahould  be  aa  far  away  from  that  of  the  line  of  ner\e  sutnre  aa 
poaaible,  bo  u  to  have  the  minimum  amount  of  reaction  in  the  neigbborhood 
mI  a*  MIH«  immtšttam  Tki^  method  would  hs  permisBible  only  where  no  other 
ny  dianoe  of  loooeeB. 

■H).— T  "vith  divided  nerves,  the 

ff  order  of  preference : 
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(1)  end-to-end  suture;  (2)  nerve  bridging,  if  end-to-end  suture  is  impossible 
and  if  the  distance  is  not  more  than  2  in.;  (3)  (a)  lateral  anastomosis  with  a 
neigliboring  nerve,  or  (b)  nerve  crossing,  if  nerve  bridging  fails  after  a  proper 
interval  has  elapsed — 3  to  12  months,  according  to  the  length  of  the  gap.  B^^ 

It  is  an  interesting  f act  that  about  %  of  a  nerve  trunk  may  be  divided  trans-      1^'^^ 
versely  withoiit  causing  obvious  motor  or  sensory  disturbance,  so  that  one  might 
do  a  lateral  anastomosis  and  get  new  power  in  the  injured  nerve  with  verv 
little  obvious  interference  with  the  funetion  of  the  nerve  used  for  the  anasto- 
mosis. 

Nerve  crossing,  which  involves  the  entire  transverse  section  of  a  soud 
nerve,  of  eourse  causes  permanent  paralysis  of  the  muscles  supplied  by  tli 
sound  nerve  so  divided,  and  this  process  is  justifiable  only  where  the  damage 
nerve  is  of  much  more  vital  importance  than  the  sound  nerve  thus  used  f(^   "^ 
crossing. 

Resection  of  bone,  so  as  to  shorten  the  extremity  until  end-to-end  anastcz^ — 
mosis  between  the  ends  of  the  nerves  can  be  accomplished,  is  only  to  be  chose 
wliere  the  other  methods  promise  no  success. 

Neuroljsis. — Xeurolysis  consists  in  the  freeing  of  the  nerve  trunk  fror 
pressure  by  surrounding  structures,  such  as  scar  tissue,  as,  for  example,  i 
Volkman's  ischemic  paralysis,  or  callus,  as  seen  in  fractures  of  the  middle 

the  humerus,  where  the  callus  involves  the  musculospiral  nerve.     Sometimt 

the  compressed  nerve  will  also  have  new  connective-tissue  formation  within  i 
own  epineurium,  and  in  this  čase  it  is  often  desirable  to  split  the  external  iier^= 
sheath  and  to  separate  from  one  another  the  various  fasciculi  composing 
nerve  trunk. 

Oeneral  Considerations  in  Operations  for  Eelief  of  Faraly8i8. — In  ali  th 
operations  perfect  asepsis  and  hemostasis  are  essential.     Infection  not  on 
interferes  with  the  iinmediate  healing  of  the  nerve,  but  causes  an  excessi 
amount  of  scar  tissue  both  around  and  within  the  nerve  joint,  and  so  leads 
permanent  interference  witli  the  return  of  funetion.     Hemorrhage,  to  a  le^ 
degree,  gives  rise  to  the  same  disturbance. 

In  these  operations  the  liandling  of  the  nerve  structures  must  be  most  ca 
ful.     Xo  pinching,  pulling,  bruising,  or  unnecessary  manipulation  is  ever 
missible.    The  nerve  sheath  must  be  removed  by  methods  previou8ly  mention 
from  the  ends  of  the  nerves  to  be  joined,  so  as  to  minimize  the  possibilitv 
connective-tissue  ingrowth  in  the  space  between  the  nerve  ends. 

Neeve  Injuries  in  Genebal 

In  dealing  with  injuries  of  nerves,  where  there  is  also  a  division  of  skin  and  neij 

boring  muscles  or  tendons,  primary  nerve  suture  should  be  the  rule.     Not  a  few  "M^^^ 
stances  have  occurrcKl  where  ii  divided  nerve  trunk  has  been  mistaken  for  a  tendon  a"^^ 
sutured  end  to  end  with  another  tendon.     Where  the  damage  to  the  nerve  has  be^^*** 
subcutaneous,  many  surgeons  prefer  to  wait  for  the  development  of  certain  sjmptorTi^ 

diagnostie  of  lasting  injury  to  the  nerve  structure.     When  the  nerve  is  completely 
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dividcd  eithcr  anatomicallj  or  physiologicallj,  tbere  is  complete  loss  of  function  and 
Cherc  soon  develops  complete  degeueratioii  of  the  peripheral  eegment  of  the  nerve.  Tbis 
degeneriition  begins  Tery  soon  after  the  receipt  of  the  injury  and  ia  complete  by  the 
end  of  the  tenth  daj,  at  whieh  time,  ae  a  rule,  there  Ib  a  "reaction  of  degeaerstion" 
prescnt  if  the  nerve  haa  been  completely  divided.  Whea  this  reaction  is  present,  it  is 
wise  to  espose  the  nerve  at  the  damaged  site  and  to  do  such  repair  work  as  is  indi- 
cated  by  the  findinge  on  eiposure. 

Seaotion  of  Seg^eneration. — ^A  brief  deBcription  of  the  reaction  of  degenera- 
tiou  wi]l  perhaps  be  helpfut.  Musciee  in  their  normal  relation  to  the  central 
ncrvoiis  sistem  react  quickly  when  stimulated  with  the  faradic  current  and 
also  with  the  galvanic  current.  With  the  faradic  current  the  muscle  staya  con- 
trnctcd  during  the  application  of  the  current ;  with  the  galvanic  current  a  sharp 
contraction  occurs  wlien  the  circuit  is  closed  or  opencd,  but  there  13  no  reaction 
while  the  current  is  paasing  through  the  muscle.  J^ess  current  is  required  to 
obtain  a  contraction  when  the  cathode  is  used  or  is  applied  to  a  muscle  point 
than  wlien  the  anode  is  used.  Also  the  contraction  is  more  evidcnt  when  the 
current  is  closed  than  when  it  is  opened.  After  its  motor  nerve  is  divided,  the 
muscle  eeascs  to  reapond  to  the  faradic  current  after  the  lapse  of  from  4  to  7 
davs.  After  the  tenth  day  the  uaual  contraction  from  the  application  of  the 
{mlvanie  current  may  be  very  hard  to  get.  Inatead,  this  galvanic  current  wi]l 
inducc  a  8low  vermicular  contraction,  originating  in  the  muscle  w}iere  the  elec- 
trodc  is  applied  to  it,  and  a  atronger  current  muet  be  used  to  atart  this  contrac- 
tion than  is  necessary  to  get  contraction  on  the  sound  side.  Also  the  muscular 
contraction  comes  with  the  closing  of  the  circuit  when  the  anode  is  applied  to 
the  uiuacle  instead  of  the  cathode.  This  failure  of  the  faradic  current  to  cause 
muscle  contracti<m.  vvith  the  change  in  responsc  to  the  application  of  the  gal- 
vanic current,  is  a  condition  to  which  the  term  "reaction  of  degeneration" 
(K.  D.)  is  applied. 

The  lengtli  of  time  after  division  of  the  motor  nerve  that  the  musclea  will 
stili  react  to  the  galvanic  current  is  variable  and  seems  to  depend  mostly  upon 
whcther  or  not  the  contractile  substance  of  the  muscle  stili  esists,  in  which  caae 
the  response  will  come,  or  whcther  the  muacie  substance  bas  imdergone  fatty 
and  fibrons  degeneration,  ao  that  no  contractile  substance  retnaina,  in  ivhicli 
rase  there  will  be  no  response  to  any  current.  Often  there  wi]l  seem  to  be  no 
response  to  the  galvanic  current  at  one  time,  and  at  a  later  time  it  will  be 
present.  This  is  aecoimted  for  on  the  baais  that  at  timea  the  reaiatance  to  the 
current  in  the  skin  and  subcutaneous  tissues,  which  varies  from  time  to  time, 
prevents  the  stimulus  from  reaching  the  muscular  substance.  Some  authors 
State  that  it  ie  not  eafe  to  depend  entircly  upon  the  atimulation  through  the 
intact  skin  wheu  the  qaestion  of  treatment  depends  Iarge],y  upon  the  findings. 
In  casc.H  \vliprr  irrciit  ifisiica  ilrjiciiil  iijmiti  tlic  <livisiiiii  it  is  siifrr  to  ciit  (lown 
tn  tho  niusciilur  siibj-tancc  and  to  appiy  tlic  oloctmde  direct.  Oascs  are  on 
ri-cord  where,  after  23  veare  from  tlio  tirno  of  nerve  division,  the  musclea  wouId 
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Defomiity  Dne  to  Nerve  Injnries  and  the  Eesnlting  Faraljsis. — It  must  be  re- 
membered  that,  in  many  of  these  subcutaneous  divisions  of  nerves,  the  extemal 
nerve  sheath  may  appear  to  be  perfectly  normal,  bnt  the  nerve  structures  within 
may  be  completely  divided  and  so  d^imaged  as  to  prevent  reunion,  regeneration 
and  retiirn  of  function,  so  that,  in  ali  eases,  the  nerve  sheath  should  be  split 
longitudinally  and  the  nerve  structures  themselves  examined  for  evidence  of  in- 
jury.  With  the  damage  to  the  nerve  there  appears  paraly8is  of  the  muscles 
innervated  by  it.  Muscles  which  are  so  paralyzed  lose  their  tone  and  mav 
readily  be  overstretched.  On  the  other  hand,  the  non-paralyzed  antagonists  of 
these  muscles  contract  without  opposition  and  before  long  undergo  a  process  of 
organic  shortening  which  will  eventually  hold  the  extremity  in  a  deformed 
position. 

With  the  joints  thus  held  for  a  long  period  in  a  fixed  position,  the  ligamen- 
tous  structures  of  the  joint  also  become  more  or  less  fixed  in  such  a  way  that, 
if  power  should  return  to  the  muscles,  there  would  be  mechanical  fixation  of  the 
joints  which  would  seriously  interfere  with  the  proper  functioning  of  the  ex- 
tremity.  In  very  young  children  there  is  an  additional  element  of  disadvan- 
tage,  because  the  bones  of  the  paralyzed  extremity  neither  grow  to  their  proper 
size,  nor  do  the  joint  ends  develop  as  they  would  in  a  limb  undergoing  its 
proper  range  of  motion  and  usefulness.  It  is,  then,  self-evident  that,  whenever 
groups  of  muscles  are  paralyzed,  the  extremity  involved  should  be  put  up  in 
some  form  of  retention  apparatus,  whether  it  be  a  plaster-of-Paris  čast,  ortho- 
pedic  brace,  or  bandaging,  which  shall  prevent  the  non-paralyzed  antagonists 
from  shortening  through  overaction,  and  at  the  same  time  prevent  the  paralyzed 
muscles  from  being  overstretched  by  their  antagonists.  If  the  paralyzed 
muscle  is  thus  overstretched  for  a  long  time,  it  may  refuse  permanently  to 
fulfill  its  proper  function  and  return  to  its  normal  length,  even  after  the  motor 
supply  to  the  muscle  is  perfectly  regenerated.  Even  if  the  muscle  does  finallv 
regain  its  normal  length  and  function,  the  time  of  recovery  is  greatly  length- 
ened.  In  addition  to  using  some  method  of  fixation,  the  extremity  should  be 
taken  out  of  the  fixation  apparatus  once  or  twice  a  dav  and  given  massage, 
passive  motion,  and,  if  possible,  electric  stimulation.  By  these  means  the  de- 
velopment  of  deformity  will  be  prevented,  the  nutrition  of  the  muscles  will  be 
kept  at  its  best,  and,  when  once  regeneration  has  occurred,  the  muscular  and 
bone  apparatus  will  be  in  normal  condition  to  functionate  properly. 

This  scheme  of  treatment  should  not  only  start  at  once  after  the  incidenee 
of  the  paralysis,  but  should  be  continued  until  vohmtarv  motor  power  has 
returned  8ufficiently  to  prevent  the  development  of  deformities  and  over- 
stretching  of  the  stili  partially  paralyzed  muscles.  Operation  mav  be  looked 
upon  merelv  as  an  incident  between  the  onset  of  the  paralvsis  and  the  return  of 
voluntarv  motor  power,  and  these  means  of  phvsical  therapeutics  should  cease 
onlv  for  a  sufficient  length  of  time  to  allow  wound  healing,  and  then  be  con- 
tinued postoperativelv  till  recovery  has  ensued.  Provided  the  extremity  is  thus 
cared  for,  the  determination  of  the  que8tion  as  to  whether  operation  should  or 
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should  not  be  done  need  not  be  decided  with  undue  haste.  However,  it  should 
be  remembered  that  on  general  principles  the  earlier  nerve  repair  is  accom- 
plished,  the  more  prompt  and  more  satisfactorj  will  be  the  result. 

Eetum  of  Fnnction  after  Operation. — One  other  thing,  also,  needs  empha- 
sizing — that  after  operation  with  suture,  as  a  rule,  a  considerable  period  of  tirne 
must  elapse  before  there  will  be  any  evidence  of  retuming  function  in  the  dam- 
aged  nerve.  This  period  is  rarely  shorter  than  3  months  with  regard  to  motor 
return  and  oftentimes  may  be  as  long  as  12  months,  depending  upon  the  condi- 
tions  and  the  suecess  of  the  suture  in  the  individual  čase.  The  return  of  sensorj 
power  is  apt  to  start  earlier — from  6  to  16  weeks,  but  the  complete  return  of 
sensation  as  well  as  of  motor  power  maj  not  occur  for  as  long  an  interval  as  2 
or  3  years,  during  which  time  the  sjstem  of  treatment  previously  outlined  must 
be  persisted  in. 

A  few  cases  have  been  reported  in  which  motor  power  was  said  to  have 
returned  in  muscles  after  "primary  nerve  suture"  within  a  few  days  after 
operation.  "Primary  suture"  may  be  considered  as  a  nerve  suture  done  before 
the  onset  of  symptoms  of  degeneration  of  the  peripheral  end  of  the  stump,  i.  e. 
7  to  10  days.  Most  of  these  cases  have  been  open  to  guestion,  but  recently,  in 
conversation,  Professor  Foerster  mentioned  a  čase  seen  by  him  both  before  and 
immediately  after  operation,  in  which  there  was  an  undoubted  return  of  motor 
power  in  the  field  of  the  sutured  nerve  within  2  or  3  day8.  This  is  a  very  rare 
occurrence,  but  it  must  be  accepted  as  a  fact. 

Canses  of  Failure  in  Operation« — The  chief  causes  of  failure  in  nerve  operations 
lie  in  rough  handling  of  the  nerve  structures,  improper  choice  of  suture  material  and 
method,  the  failure  to  get  good  apposition,  the  failure  to  prevent  connective-tissue 
ingrowth,  and  the  failure  to  avoid  infection.  If  infection  occurs  in  the  wound,  failure 
is  practically  sure,  because  infection  not  only  causes  an  infectious  neuritis,  but  also 
results  in  the  production  of  so  much  scar  tissue  as  to  prohibit  the  return  of  function 
in  the  nerve. 

Beflults  of  Operation^ — The  results  depend  upon  the  careful  following  of 
technical  details  at  the  time  of  operation  and  also  very  largely  upon  the  per- 
sistent  sy8tematic  use  of  the  various  methods  of  treatment  both  before  and  after 
operation.  In  cases  of  nerve  crossing  or  nerve  anastomosis,  to  these  methods  of 
physical  therapeutics  must  be  added  reeducation  of  the  new  cortical  centers  in 
the  control  of  the  muscles  vrhich  have  been  previou8ly  paralyzed.  In  the  ma- 
joritv  of  cases  one  must  not  expect  a  theoretically  perfect  anatomical  and 
phvsiological  result,  e8pecial]y  in  cases  of  anastomosis  and  nerve  crossing.  In 
end-to-end  suture  of  the  2  parts  of  a  divided  nerve  the  final  result  may  be  so 
nearlv  perfect  as  to  avoid  detection  of  anv  defect  except  bv  most  careful  ob- 
servation. 

COMMON    T  v  PES    OF    XkRVF.    In.TURV 

Brachial  Flexu8  Lesioni. — The  trauniatic  Krb\s  paralvsis  in  the  adult  and 

the  brachial  birth  panr^'  Erb's  tvpe  so-ealled,  in  new-born  infants,  are 
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essentially  the  same  kind  of  lesion.  This  lesion  results  from  the  overstretching 
and  more  or  less  teariiig  of  the  primary  nerve  trunks  of  the  brachial  plezus.  It 
is  practically  alway8  brought  about  by  the  separation  of  the  head  and  neck  from 
the  shoulder  on  the  side  in  which  the  nerves  are  damaged.  Figures  10,  11 
and  12  will  indicate  the  slant  of  the  nerves  running  from  the  spine  to  the  ann 
and  also  indicate  why  pulling  the  shoulder  away  from  the  head  and  neck  will 

damage  the  upper  nerve  trunk  firat, 
and  why  it  is  only  in  the  more  severe 
cases  that  the  lower  nerve  trunks  are 
also  damaged.     The  lesions,  both  in 
the  birth  paralysis  and  the  traumatic 
Erb's  paraly8is  in  the  adult,  are  of 
very  common  occurrence.    The  lesion 
involves  one  or  more  of  the  roots 
from  above  downward.    It  maj  con- 
sist  of  a  single  mass  of  scar  tissue,  or 
there  may  be  several  scattered  areas 
of  scar  tissiie  which  interfere  with 
the  function  of  the  nerve  trunk  or 
trunks  in  which  they  are  situated. 
These  lesions  may  be  situated  any- 
where   between   the  surface   of  the 
spinal  cord  and  the  ultimate  nerve 
trunks    which    pass    off    from    the 
brachial  plexus  into  the  axilla.    The 
lesions,  especially  in  the  upper  roots, 
are  very  apt  to  be  severe  enough  to 
persist    pernianently    and    interfere 
with  nerve  function.    In  a  few  cases 
the  plexus  is  torn  completely  across 
and  there  results  one  large  mass  of 
scar  tissue  which  prohibits  any  func- 
tion  whatever  in   the  roots   of  the 
brachial  plexus. 
]\Iany  tcxt-b()uks  say  that  these  lesions,  more  particularly  those  of  new- 
bom  infants,  as  a  rule,  get  wcll  spontaneouslv,  but  this,  J  am  sure,  from  observa- 
tion  in  maiiy  cases,  is  far  from  tho  fact.    On  the  coiitrarv,  only  a  small  propor- 
tion  of  the  cases  get  complctely  well  spontaneouslv.    Ali  of  them,  after  a  tirne, 
show  some  dogree  of  recoverv  of  function  in  the  lower  roots  of  the  brachial 
plexus,  but  in  the  great  niajoritv  of  them  there  \vill  be  a  persistent  defect  in 
the  fiftli  or  in  the  lifth  and  sixth  roots.     In  those  fe\v  cases  which  do  reeover 
entirelv  spontaneouslv  the  return  of  function  will  begin  very  promptly,  i.  e. 
within  a  fe\v  davs  of  birth,  and  be  coniplete  in  8  uionths. 

As  a  rule,  if  the  lovver  roots  as  well  as  the  upper  are  involved  at  first,  one 


Cvi. 


Cvtt. 


Čvni. 


D* 


Fio.  10. — ScHEMATic  Representation  OP  Bra- 
CHIAL  Plexus.  a  is  the  spinal  column  from 
which  pass  the  various  roots  which  go  to  make 
up  the  plexus.  These  roots  come  together  in 
the  axilla  a  little  to  the  inner  side  of  the  shoulder 
B.  S  is  the  suprascapular  nerve  which  comes 
off  from  the  outer  edge  of  the  junction  of  the 
C  v  and  C  vi  Toois.  It  is  obvious  that  any 
force  that  would  increase  the  distance  between 
A  and  B  would  put  these  n(?rves  on  the  stnjtch, 
with  the  maxiinum  strain  coming  on  the  upper 
root.  Inasmuch  as  the  suprascapular  nervo 
comes  from  the  outer  edge  of  the  nt?rve  which 
first  bears  the  maximuni  strain  it  is  easy  to 
understand  why  this  nerve  is  always  involved. 
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mav  feel  confideiit  tliat  the  upper  roota  have  been  ao  aerioiialv  datnajreil  that  thev 
will  sliow  a  pernianeiit  interference  with  function.  In  theae  iufanta  the  testing 
of  the  rauscles  for  the 
reaction  of  degeneration 
is  of  very  little  aervice 
and  can  be  accoinplisbed 
o  n  1  y  iinder  anestheaia 
and  after  the  cliild  is  3 
months  o!d.  The  teat  ia 
therefore  inadviaable. 
Sensorj  distnrbances  are 
not  very  estenaive,  nor 
are  they  of  miich  mo- 
ment. In  čase  the  fifth 
root  alone  is  pennanent- 
1y  damaged,  while  there 
will  be  very  obvious  mus- 
eular  paraly9is,  there 
will  be  no  evidence  of 
aen8ory  distiirbance,  be- 
causo  the  fifth  root  car- 
ries  no  eseliiaive  8cn8ory  8upply  to  the  ekin.  \Vhere  the  aixth  ner\-e  is  also  per- 
manentlv  damaged,  there  may  be  a  small  area  of  diminiahed  sensibility  over  the 
deltoid  region.  In  children,  if  theae  cases  are  neglected,  tbere  is  failure  of 
proper  devciopment  in  the  muscles,  ligaments,  and  the  joint  ends  of  the  bones, 


1.  11. — Plbxub  Exposeii  Br  Meanh  or  OBLiacE  Incision 
AcBOBB  Babe  of  Neck  amd  Autoar  at  Riaot  Anoleb  to 
CoDRai  or  Nehves.      This  wound  heols  with  le«  »car.  1,  C  v; 

2,  Bcalenua  mediuii  musrle;  3.  C  vi;  4,  mniiversalu  colli  ar- 
tery  li^sted  sod  divided;  5,  BUpraBcapiilar  ncrve;  6,  eit«m&l 
anMiior  thorncic  nerve:  7.  omohyoid  muscle;  8,  C  viii  9. 
tnuiBvemlu  colli  ar[«ry;  10,  internal  jugulu  vein;  11,  m«- 
lenuB  KDtinu  muBcIei  12,  phreiiic  nerve. 


Fio.  12. — Beachial  Plbxoh  ExroHBD  st  am  Oblioui:  Inc 
Tbikim  or  TBt  Steknohastoid  Mcbcle  Duh 
Tbihd  op  Clavicle.     Id  thia  diNaetion  »  M^mc"'' 
tel  eipOBUre  of  the  pleius.  The  ti 

•rtMy:    14,  C  viii  uid  D 1  IIMTIP*  *«  to  aulicluv 

ibHi  maior  and  nuaor  iniml  v  branch. 


'lo.  13. — RioRT  Arm  Show8  Ttpioal  DErORU- 
m  OT    AN    OlD    NBOLKtrrBD    Sevebe    Bka- 

CHiAL  BiRTH  Palbt.  ThiB  boy  is  ton  y«an 
old.  Nate  the  amaller  siie  of  tho  sboulder 
girdle  aod  eitreniity  oo  the  ri«ht  tide.  the 
llattcocd  shouldrr,  the  iDWBnl  rotation  of 
tho  entiro  eitreiiiity.  tho  fleiure  of  the  el- 
l>ow,  and  the  marked  fleiion  and  uloar  ad- 
duction  of  the  nrist. 


Fio.  16. — Nine  Mohtbb  APTcm  OrsKATioif— 

NcrTK    luPflOVEHBHT   tU  Sl»  AMD  PoaiTlOH 
OP  RioBT  Uppes  Eitbuutt,  EaFKCUUT 


.     H.— Thib  Sho 
Elbvatinu  Hand  TOWA)tD  MotrTH  BCFOBG 
Opebation. 
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and  defonnities  reault  from  the  contracture  of  the  antagonists  of  the  paral^zed 
miiscles,  wliiph,  in  turn,  are  apfto  be  overstretched.  These  eonditiona  under 
ueglect  give  nttitudes  eharacteristic  of  this  type  of  paralysis,  as  indicated  m 
Figurea  13  to  21  inclusive. 

In  the  adnll  these  coutraoturea  do  not  give  tlie 
saiiie  degree  of  deformitv,  beosiise  the  extreinitj'  haa 
l>eeii  fullv  developed  liefore  the  incidence  of  the 
nerve  paralvsis,     (Figs.  24  aiid  25.) 

The  Diusclea  paralyzed  fall  into  groups  which 
(Torrespond  with  the  iiiutor  fibers  looated  in  the  difter- 
ent  aiiteriiir  miitor  roota  (see  Fig.  26,  from  Kocher). 

TBKATMENT  PRECEDING  OPEBATION.— The  prin- 
ciplea  of  treatment  frimi  the  tiuie  of  onget  of  paralv- 
aia  mitil  the  tirne  of  operation  have  beea  oiittined  in 
the  precediiig  sectioii.  The  ann  or  extremity  shoiild 
be  piit  tip  in  a  support  which  ahull  eiitirely  ret8x  the 
niuacles  paral^i-zed  in  a  giveii  čase.  so  as  to  prevent 
their  being  overatretohefl.  Tf  the  hand  on  the  para- 
Ivznl  aide  bc  placed  on  the  baek  of  the  patieiit'a  hpad 

aml  hi-ltl  there,  the  relaxatiiin  of  the  paralvzed  miiacies  ia  almost  perfcctlv 
attBined.    Massage  and  elcetriiritv  »hnnid  not  be  applied  to  these  cases  for  the 


-^r^      f 


Tta.  18, — X-ii*T  Pi<-rc»it  S<Ki)wimi  Bb'.i  .   ■ 
A  ftioBT^iumn  Bkaiimu.  Bin-m  Paij.i. 


(irut  .T  wwk«  uflur  thii  injii 
\  to  lx!  afrgravalcd  hv  t'i> 
BARLV  OPKHATION 
i  thoae  caM>s  whi('h  »hn\\  -< 


1  triiiiiiiiitii-  iipuritis,  vhich  'm  apt 
.  Iiial  plexu3. 
iiion  is  indii^tid  in 
.iL->  titid  :thitiihl  Im  dnaft 
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as  euun  as  tbe  general  conditiou  will  war- 
rant  tbe  use  of  an  anesthetic,  whether  this 
be  after  10  <Ia>'a  or  3  montha  from  the 
tirne  of  hirtli  aiid  tlie  receipt  of  tbe  injurj. 
In  tlioae  casea  wbere  no  injury  auffi- 
cient  to  demand  nerve  resection  and  au- 
ture  is  foiiiid,  tlie  operation  reaults  prac- 
tically  in  a  siniple  exp1oration,  with  mere- 
ly  a  diviaion  of  the  skin  and  aubcataneous 
fat,  practically  no  loss  of  blood,  and  a  per- 
fectly  clear  view  of  ali  tbe  nervea  of  the 
bracbial  plexua  so  that  tbe  surgeon  inay 
kuow  juat  wliat  he  is  dealing  »ith  and 
just  what  lias  to  be  done.  Tbia  procedure 
involves  practically  no  riak  beyond  that  of 
tbe  anestlictic.  If  damage  is  found  ita 
earlj  repair  gives  the  patient  the  best 
proapect  of  aatisfactorj-  regeneratioa  and 
there  bas  been  no  imdne  losa  of  tirne.  In 
tbe  casea  of  inoderate  8everity  at  the  time 
of  iiijiiry,  it  may  bo  legitimate  to  wait  for  3  nionths,  pmvided  the  čare  of  the 
extreniity  and  niuseles,  as  previoiialj  described,  is  proporly  fonowed  iip. 


FlO.  19. — DBFORMITTFOLLOWINaCOUFLITB 

RmTDBS  OF  Lbft  Brachial  Plexds. 
Inateod  of  resembting  the  typical  uae  as 
BhovD  in  Fig.  17.  the  dcrormitv  is  that 
o[  a  complete  flaccid  paralyBis  of  the  ei- 
tremitv.   Child,  11  mootbB  old. 


3.  20.— Three  Veabb  Afti 

ER    RgPATR  of 

FlO.  21.- 

Plexub  Chili>  WahAiile 

TO  PW»  WITO 

pLEXt 

LeFT     Ahm     anu    tu    Suppi 

URT    A     HeAVV 

LIUHT 
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EXPLOBATOBY  OPERATION  IN  ADULTS.— In  adulta,  e,\ploration  ahould  be 
done  within  a  few  day8  of  the  receipt  of  the  injiirv,  suffioicnt  tinie  bcing  given 
for  tbe  tissues  at  the  base  of  the  neck  to  have  regained  their  nomial  resiataiice 
against  operative  attack  and  the  possibility  of  infcction.  In  tliese  cases  tbere 
is  no  risk  involved  and  no  titne  sbould  be  waBted  in  waiting  for  the  developnicnt 
of  the  electrical  reaction  of  degeneration,  inasmiich  as  the  operation  consiats 


FioB.  22  ANO  i3  — Tkaouatic  Brb  b  Paraltbib  in  Adclt.  Thia  ia  the  sune,  etiolog[cAlly  and  path- 
ologic&lly  aa  birth  pBlBy  but  sa  the  extremity  has  attaiDcd  full  grourth  bofure  the  nerve  dunaga 
oeeUTH  the  symptoiDR  are  rh  <ifly  thoae  o(  paralyns  Hud  atniphy  of  the  muaclea  involved.  Nut« 
the  atruphy  u  the  delto  d  and  sUpfMpiDBtua  and  inTraspioBtua. 

merel>  m  the  skin  inctsion  followed  by  palpation  and  inspection  of  the  plexus 
and  the  opportimit\  for  immediate  repair  of  anv  discoverable  damage.  These 
procedurea  nith  a  minimnm  loBs  of  tirne  wil]  give  the  maximnm  result. 

OPERATIVE  TREATMENT. — The  paticnt  is  placed  siipine  on  tlie  operating 
table,  with  a  sand-bag  nndor  the  ncck  and  shoiiidors  of  snch  a  size  aiid  so  placed 
as  to  juat  catoh  the  occipital  protnbcranoo  whcn  the  head  is  tnrnrd  to  the  op- 
posito  side  from  the  Icsion  and  retraotcd  soinewhat  a<i  as  to  piit  the  skin  and 
muBclcs  of  the  operative  area  soniewhat  on  the  str<'tch. 

The  plexii8  may  be  expnsed  hy  either  of  2  incisions.  One  atnrts  jnst  above 
the  inscrtion  of  the  sternoninstoid  miiscle  and  passcs  miHvard  and  slijjhtlv  up- 
ward  across  the  base  of  the  ncck,  following  the  nntural  wrinkles  of  the  skin. 
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The  skin  and  underljing  fat  pad  are  divided  in  the  same  line.  Usuallv  the 
external  jugular  vein,  the  transverealis  colli,  and  snprascapular  vessels  are  tied 
and  divided.  With  proper  retraction  the  nerves  are  prettj  well  expo8ed.  This 
wound  falls  together  naturally  and  heals  without  any  tendencv  in  the  scar  to 
spread.  Its  disadvantage  is  that  in  wide8pread  damage  to  the  plexu8  it  does 
not  give  complete  expo8ure,  especialljr  in  adults. 

The  other  incision  starts  at  the  level  of  the  transverse  process  of  the  siith 
cervical  vertebra  and  runs  obliquely  downward  and  outward  to  the  junction  of 
the  outer  and  middle  thirds  of  the  clavicle  and  divides  practicallj  the  same 


Fio.  25. — An  Electbodb  Which  Can  Bb  Stbrilisbd  bt  Boiuno.    It  has  flenble  oopper  wire  tenmnals. 

structures  as  in  the  preceding  čase,  although  at  a  different  angle  (Figs.  11 
and  12). 

After  retraction  of  the  wound  in  either  incision,  the  deep  layer  of  cervical 
fascia  nomially  lying  just  in  front  of  the  plexu8  is  found  thickened  and  ad- 
herent  to  the  underlying  nerves.  This  is  dissected  away,  thus  exposing  the 
roots  and  plexus,  which  are  examined  by  sight,  touch,  and,  if  necessary,  by  a 
tiny  electrode  (Fig.  25),  to  detect  the  presence  of  cicatrices  which  prevent  nerve 
regeneration  and  the  passage  of  nerve  impulses. 

The  cicatrices  are  removed  by  transverse  section  of  the  nerves  above  and 
below  at  such  levels  as  expose  normal  looking  nerve  bimdles  in  the  divided  nerve 
ends.  It  is  sometimes  neces8ary  to  make  severa!  sections  before  getting  a  satis- 
factorv  looking  end.  It  is  wi8e  to  take  off  fairly  thin  segments  until  good 
fasciculi  are  expo8ed,  so  as  to  save  as  much  nerve  length  as  possible  for  the  ap- 
proximation.  In  the  distal  nerve  trunk  one  can  alway8  get  a  sati8factory  look- 
ing end  by  going  far  enough.  In  the  proximal  end,  however,  the  cicatrix  some- 
times extends  up  into  the  intervertebral  foramen.  These  exceptional  cases  will 
be  considered  later. 

When  the  nerves  have  been  properlv  prepared,  cnd-to-end  autiire  should 
follow.  The  best  suture  material  in  adults  is  fine,  strong  silk,  because  it  is  de- 
pendable.  On  opposite  sides  of  the  nerve,  about  14  cm.  from  its  frcshened  end, 
are  passed  2  siituies  transverselv  to  the  long  axis  of  the  nen-e,  and  including 
mostlj  nerve  dbe  suture  is  tied  so  as  to  get  a  finn  hold,  and  the  ends 

•ft  hmg.    1  bened  nerve  end  is  treated  in  similar  fashion  and 

:  the  lateral  sutures  of  the  one  to  the  other.    One 
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or  2  fine  catgut  sutures  at  the  periphei^  will 
comptete  the  apposition. 

Another  method  of  suture  vhich  is  sstu- 
facton-,  especiallv  where  there  is  Dot  too  mach 
tenaion,  coitsists  io  passing  a  loop  of  chromie 
cat^it  throiigh  both  nerve  ends  and  tying  them 
tog^er.  This  is  quicker  and  simpler,  but  has 
the  disadvautage  of  perforatiag  the  nerves  aa 
wetl  as  not  being  qu!te  so  dependable.  This, 
however,  is  the  odK'  feasible  method  in  infanta. 

AMiile  the  ner\-e  sutures  are  being  tied  the 
neck  and  ahoulder  are  approsimated.  The  fat 
pad  is  alloved  to  fall  into  plače,  and  the  akin 
wotuid  is  BUtured  with  silk.  No  drainage  is 
uaed. 

The  approiitnation  of  the  neek  and  shoalder 


■onaim  and  naiK].     2  n  >  aboukl«'  ■_.    ■_    >   i_  r  .     i    ■ 

iiKivilirtifitaoTtrtbmpulauKl     '^  maintained  bv  meaos  of  a  rteel  braoe  espe- 
pnreau  ib*  dKuldrr  irom  brins     eiallv  desisned  for  these  cases  and  fitted  ore- 

diildand  l-acknnl  and  so  cauan«  .       '  ^  .  ,  .  .... 

Mnin  on  tbr  nrm  nilures.    3  u  a       VIOIIS  tO  Operation  SO  that   It  CaU  be  slipped  (HI 

l^^rtJA^d^h^*!!!  "^"tC^     ^'"^  ■^*'''  *^®  "^"^  sutures  have  been  tied  and 
■a  aa  to  boM  tbr  bnd  don  vbcn     thu3  prevent  sDv  cbance  of  tcaring  them  ont 
2J1Sr.,oi  SSS.".^^  ThU  brace  jFig.  5i ,  i,  ,om  contimomlv, 

undtT  ibf  fa«wl-pinr.    Tht  ann     without  a  moment 's  intermission.  for  6  to  13 
b>-  itM^^i^f.       "  week3.  according  to  the  individual  čase. 

In  thoee  oases  ^here  the  cicatrii  extends  up 

into  the  iutenenebral  foramen,  a  modified  procedure  is  neeessarr.     The  cira- 

trized  root  niay  be  Split  lonjritudinalh-  up  into  the  foramen.  and  if  good  nerve 

bundles  are  esposotl  above,  the  distal  end 

of  the  ner\e  luav  be  sutured  into  the  oleft, 

with  the  hope  that  gi^^l  union  »'ill  <>ix'ur. 

If  the  split  cioatris  ti.»es  not   reveal  pix*d 

biindlrs  aNive,  the  onlv  thitiif  left  to  do  is 

laleral  auastoiuivis  of  the  distal  nerre  trunk 

into  a  neis;hbi*riug  sotrnJ  nwt. 

In  th**se  oases  where  the  nxits  have  been 

tom  firiiu  the  <»t\l,  lateral  anasii'mi.*sis  is 

the  onlv  thiiig  to  be  ilune.  if  auv  of  ihe 

neiiihKirinir  r\t>>ts  are  stili  fiuioiionatinir. 
\\*here   ».vnsiilentble    leusths   of   ner\-e 

TVH'ts  iniisi  be  rvifeoted  to  in't  bevond  ilie 

cioatriivs  anJ  the  ends  caunot  l>e  cK>se!v  ap- 

proxiniateil.  it  will  Iv  fouiid  nei^-ssarv  to 
»rt  t"  nerve  bridiiiiu:  or  the  [>n^-»>hirv  iiexi  i;:*':;:-.-:.!-;. 
Wlieii  the  euiire  pleius  is  badlv  tom.  and  the  freskeaed  nerve  ends  cannot 
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be  brought  together,  a  subperiosteal  resection  of  the  middle  third  of  the  clavicle 
will  permit  very  greatly  increased  approximation  of  the  nerve  ends.  This  would 
greatly  increase  the  chances  of  regeneration,  and  eertainly  an  extremity  with  a 
damaged  clavicle,  which  will,  nevertheless,  raove,  is  very  miich  to  be  pre- 
ferred  to  an  anatomically  coraplete  extreiuity  vvhich  is  pemianently  paralyzed 
(Fig.  12). 

POSTOPERATIVE  TREATMENT. — \Vhen  the  proper  time  for  the  removal  of 
the  brace  has  arrived,  the  extremity  may  be  placed  in  an  ordinary  triangular 
sling  supported  by  the  sound  shoulder,  and  so  adjusted  as  to  elevate  the  para- 
Ivzed  shoulder.  The  brace  and  sling  not  onlv  prevent  the  paralyzed  extremity 
f  rom  dragging  on  the  nerve  suture,  but  also  prevent  the  weight  of  the  extremity 
from  overstretching  the  paralyzed  muscles  and  thus  prolonging  their  period 
of  inactivity  even  after  nerve  repair  has  occurred. 

\Vhen  the  change  from  brace  to  sling  has  been  made,  the  extremity  may  be 
given  massage,  passive  motion,  electricity,  etc,  every  day,  being  takon  from 
the  sling  for  that  purpose.  Procedures  which  would  puli  the  shoulder  away 
from  the  neck  on  the  operated  side  should  be  avoided  for  many  months. 

At  any  time  after  3  months  from  operation,  voluntary  motion  may  begin  to 
appear  in  the  paralyzed  muscles,  and  as  they  regain  their  tone,  the  sling  may 
be  discarded.  With  the  retum  of  voluntary  motion,  the  patient  should  be  en- 
couraged  to  take  8ystematic  exerciso8  for  the  devclopment  of  the  muscles. 

INJURIES  BELOW  THE  CLAVICLE. — Tnjuries  to  the  brachial  plexus  at  a 
level  belovv  the  clavicle  are  most  fre(iuently  due  to  dislocations  of  the  shoulder 
with  traumatism  bv  the  head  of  the  humerus  to  the  nerve  trunks  in  the  axilla, 
to  pressure  from  the  arm  pieces  of  crutches,  or  to  the  injudicious  use  of  the 
foot  in  the  axilla  in  the  process  of  reducing  a  dislocated  shoulder.  As  a  rule, 
these  injuries  undergo  spontaneous  recovery  after  a  greater  or  less  length  of 
time,  and  only  the  methods  of  tentative  phvsical  therapeutics  are  indicated. 

Injuries  to  the  Suprascapnlar  Nerve. — The  suprascapular  nerve  is  injured 
in  ali  of  the  brachial  birth  palsies  and  in  ali  of  the  brachial  paralyses  of  Erb's 
tvpe  in  adults.  Its  fibers  nm  on  the  outer  edge  of  the  fifth  cervical  nerve  and 
therefore  in  ali  of  the  stretching  injuries  it  is  the  first  to  bear  the  brunt  of  the 
injury  which  causes  paralvsis  of  the  spinati.  This  paralvsis  has  much  to  do 
with  the  peculiar  deformitv  at  the  shoulder  on  attempts  to  raise  the  arm  and 
with  the  inability  to  plače  the  hand  upon  the  head  because  of  the  loss  of  extemal 
rotation  of  the  humerus. 

Falls  upon  the  shoulder  suflFered  by  manv  laboring  men  past  middle  life  re- 
sult  in  inability  to  use  the  shoulder  and  show  paralvsis  of  the  deltoid.  A  carc- 
ful  examination  will  usuallv  81k)w  that  the  suprascapular  nerve  has  also  been 
damaged.  Such  injuries  are  alniost  al\vays  dne  to  (lainai:(»  of  the  upp(»r  norvo 
root  of  the  brachial  plexus  rather  than  to  injuries  of  tlic  slionldcr  joint  its<*lf, 
although  there  niav  be  complicatin^  joint  adliesions  aft<'r  some*  littlc  time.  If 
the  paralvsis  persists,  the  upper  portion  of  tlu»  hracliial  plexiis  sliould  be  ex- 
plore<l  and  if  the  suprascapular  has  suffc^red  damaiic,  it  slionld  1j<'  repain^l  in 
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the  manner  alrea<]y  described  in  brachial  birtli  palsj,  i,  o.,  either  by  eiid-to«ad 
sutiire  or  anastomosis  witb  a  neighboring  nerve.     (Figs.  24  and  25.) 

The  circumflex  nerve  also  derives  ita  fibere  from  the  fifth  root  and  most  of 
the  deltoid  paraljses  which  are  attribut«d  to  damage  o£  the  nerve  in  its 
periplieral  d  i  stri  bii  ti  on,  are  really  due  to  a  stretching  injury  to  the  fifth  cervical 
root.  In  tbese  cases,  the  paticnt  is  U3ual1y  heyond  middle  life  and  not  in  good 
condition  for  operation  in  other  respects,  and  it  is  not  desirable  to  operate  upon 
the  nerve  unless  exceptionaI  eireiinistancea  deniand  it.  Often  neigbboring  mus- 
cles  can  be  trained  to  give  sufficient  abduction  to  fulfill  moat  of  the  patient'B 
needa. 

Injnriei  to  the  Knicnloipinil  Herre. — The  musculospiral  nerve  is  more  fre- 
quently  injured  in  fractures  than  any  other  nerve,  and  the  site  of  the  injur^  is 
most  frequently  near  the  lower  part  of  the  humerua,  aa  the  nerve  vinds 
obIiquely  around  the  bone.  Theae  injiiries  are  uaually  of  the  type  of  contusions, 
although  the  nerve  ia  aonietimes  lacerated  bv  tlie  bone  fragmenta  and  may  verv 
rarely  be  torn  acroaa.  The  ner\'e  mav  be  injured  at  the  time  of  the  fracture, 
or  during  the  first  few  weeka  afterward  from  presaure,  though  involvement  in 
the  boiiy  callus  thrown  out. 

If  the  ner^'e  ia  injured  in  the  Iower  portion  of  the  arm  below  its  external 
cutaneouB  branch,  there  wil1  be  no  aen- 
8ory  dtsturbancea,  becauae  below  tbis 
point  the  musculospiral  furuisbes  no 
exclu8ive  8en9ory  8upply  to  the  skin,  but 
there  aiwaya  occurs  a  more  or  lesa  com- 
plete  drop  wrist  (Fig.  28).  Tbis  nerve 
ia  also  the  one  wbich  sufFers  from  what 
is  k  n  o  w  n  as  "aneathesia  paralyai8" 
wlien  the  arra  ia  carelea3ly  allowed  to 
Iiaiig  over  the  edge  of  the  operating 
tahle  and  the  nerve  suffers  paraivsis 
from  direct  presaure  continued  for  some  time.  It  ia  also  the  nerve  which  is 
involved  in  the  so-«aIled  "Saturdav-night  paralvsis,"  or  paralvsia  due  to  sleep- 
ing  with  the  arm  folded  iinder  the  neek.  Thia  uerve  ia  frequently  paralyzed, 
also,  by  the  preasure  of  a  orutt-h  in  the  axina. 

The  prognoaia  in  these  cases  is  usualty  good,  Many  of  the  injurles  are  of 
Buch  moderate  de^roc  as  to  luidergo  spoiitaneoiis  regeneration  and  retum  of 
function.  In  a  čase  where  the  nerve  is  more  severcly  injured  and  nerve  sutore 
is  indicated,  tlie  resulta  are  good  in  a  larger  proportion  of  cases  thnn  in  ^ 
auture  of  the  other  nerves  of  the  ami,  perhaps  largely  because  the  o 
plied  by  this  nerve  do  not  perform  the  finer  movements  of  the  h 
mnaclfi*  .siipplied  by  the  median  and  uhiar. 

If  at  the  time  of  fra<^ture  there  is  an  open  wound — ^i" 
pound  f  racture — the  nerve  should  be  explored  and,  if  ff 
shonid  nt  once  be  autured,  end  to  end,  after  reseofe 
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Otherwise  it  may  be  surrounded  by  Cargile  membrane  to  avoid  adhesions  and 
left  alone.  If  tbe  fracture  ia  simple  and  there  are  evidence«  of  ecrioiiB  inter- 
fcrenoe  with  nerve  function  in  tbe  musciilospiral,  it  is  ndvisable  to  explore  the 
nerve  aftei-  alIowing  a  few  day8  to  etapse  80  that  tbe  tiasnea  may  regain  their 
Tcsistance  against  infection.  Some  men  advise  waiting  for  10  to  14  davs  and 
are  tben  guided  by  the  preaence  or  absence  of  tbe  reaction  of  degeneration.  If 
the  reaction  of  degeneration  develops,  esploration  is  essential.  If  the  muecles 
do  not  8how  the  reaction  of  degeneration,  tentative  treatment  for  a  longer  period 
may  be  justified.  Sometimes  the  nerve  is  not  sufT]cientIy  damaged  to  cause 
reaction  degeneration,  but  is  so  lacerated  that  later  ecar  formation  wil]  pre- 
vent  a  large  portion  of  it  from  functionating  properiv,  bo  that  operation  is 
necessary  later.  In  any  čase,  tbe  boiiy  fragments  ebould  be  carefully  aligned 
atid  tbe  extremity  put  up  so  as  to  avoid  overatretching  of  the  para1yzed 
m  n  so  les. 

OPBBATIVB  TREATMENT. — Wben  operation  ia  neceasary,  posterior  longi- 
tiidinal  incision  is  niade  througb  tbe  muscle  dovvn  to  tbe  site  of  tbe  fracture 
and  the  nerve  is  exp]ored.  If  there  is  evidence  of  mucb  damage,  the  damaged 
portion  of  the  nerve  is  reaected  and  end-to-end  auture  done.  If  the  nerve  seema 
to  be  in  fair]y  good  shape,  but  is  being  eompressed  by  a  bone  fragment  or  in- 
flammatory  infiltration,  the  bone  fragment  may  be  trimmed  and  the  nerve  pro- 
tected  by  Cargile  membrane. 

In  many  cases  tbe  paralyai8  occurs  gradually  some  little  time  after  tho  frac- 
ture. Tliia  alwaya  indicates  compression  and  U8ually  this  compression  is  due 
to  involvement  of  tbe  nerve  in  the  callus.  Aa  acon  aa  symptoms  of  this  difS- 
culty  appear  tbe  nerve  abould  be  erposed  and  freed  from  preseure,  protectod  by 
Cargile  membrane  and,  if  necesBary,  transplanted  a  short  distance  away  from 
its  original  site,  to  avoid  the  recurrence  of  preesure.  It  usually  takes  about  a 
year  for  tbe  retum  of  function. 

Injaries  to  the  TTlntr  Herre. — JU8T  ABOVE  the  wbI8T.— The  ulnar  nerve 
is  most  frequently  injured  just  above  the  ivrist  joint,  very  freqnently  as  a 
result  of  a  broken  window  pane  or 
other  accidents  of  this  type.  Uau- 
allv  tbe  wound  is  a  ragged  gash 
wbicb  involvea  not  only  the  ulnar 
nerve,  but  also  moat  of  tbe  tendona 
on  tbe  ulnar  side  of  the  wri8t,  aa 
well  as  tbe  ulnar  artery.  Tbe  ul- 
nar nerve  ia  never  divided  alone. 
but  Hlway!i  in  coiijuription  with 
Bome  of  the  tendons.  Not  infre- 
quently  tbese  »ounda  are  clnsed  witbout  aii  apjircclat 

nerve  has  been  divided.  (roiiitPiiiifiiiliv  ihcrp  is  in   i 

Sta  of  tbe  portion  oflhe  uluurnervp  Ih-voih!  iIji-   ■ 
e  mutule*  of  tbe faand  aud  f^hi.-^  u  r\i.:- 


nf  the  fa<-(  that  the 

:  i"'riTiiiii('Tit  parnly- 

iiIh  tli  atrophv  of 

:-riiiitvl  Fig.  29). 
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In  ali  8uch  injurics,  the  nerve  should  be  carefully  sought  out  and  when  dirided  J'^ 
should  be  most  carefullj  sutured  end-to-end.     In  primaiy  sutures,  the  Testilts  are 

U8ually  pretty  good,  and  the  retum  of  f  unction  may  be  expected  to  occur  in  from  1  to  2  B  ^ 

years.     In  secondary  suture  the  operation  is  much  more  difficult  and  the  chanceB  of  I  ^ 

success  are  greatly  diminished,  although  here,  even  if  motor  power  does  not  retum,  the  I 

8en8ory  disturbances,  and  particularly  the  trophic  disturbances,  will  be  greatly  lessened  ■  "^ 

as  a  result  of  the  6econdary  suture.  ^  ^' 


m 


AT  THE  ELBOW. — Another  site  at  which  the  ulnar  nerve  is  frequently  Ib- 
jured  is  at  the  elbow,  where  it  passes  behind  the  inner  condyle  of  the  humeruft.     l^i 
At  this  site,  the  nerve  may  be  dislocated  from  its  groove  by  exce8sive  musculat     ^-.d 
action  in  people  with  an  exaggerated  valgus  angle  at  the  elbow.    FuU  flexion  i* 
apt  to  eause  a  dislocation  or  a  partial  dislocation  of  the  nerve  trunk.    If  tb^^ 
happens  frequeiitly,  it  may  lead  to  irritation  of  the  nerve  and  to  a  chronic  pro* 
duetive  neuritis. 


Often  a  fall  upon  the  elbow,  or  an  occupation  which  involves  continuous 
sure  upon  the  inner  aspect  of  the  elbow,  will  eauso  a  similar  productive  neuritis. 
many  patients  who  have  suffered  f racture  of  the  intcmal  condyle  followed  by  persist^^^^* 
valgus  dofomiity,  the  nerve  may  be  injured  and  develop  a  chronic  interstitial  neurit 
In  ali  of  these  instances,  the  symptoras  consist  of  tingling  and  paresthesia,  witk        ^ 
greater  or  less  aniount  of  pain  and  a  greater  or  less  amount  of  disturbance  of  the  mofc^> 
function  of  the  nerve  below  the  elbow.    In  cases  of  fractures  of  the  intemal  condyle^     ^ 
number  of  cases  are  on  record  where  the  injury  occurred  during  childhood,  but  t. 
symptom8  of  ulnar  neuritis  at  the  elbow  did  not  develop  for  many  year8,  sometin*-' 
25  or  30  years  after  the  original  iniury.    In  these  cases  the  muscular  atropliy  and  pai 
si  s  resemblcd  pretty  closcly  those  due  to  progressive  muscular  atrophy,  and  these 
are  usually  mistaken  for  that  discase.     Another  curious  thing,  which  has  been  not- 
by  Spiller  and  others,  is  that  occasionally  in  these  cases  there  will  also  be  an  atrop 
of  the  corrcsponding  intrinsic  muscles  of  the  opposite  hand.     This  is  not  ea8ily 
counted  for,  but  has  been  observed  to  exist,  and  with  the  repair  of  the  damaged  ulm- 
nerve,  both  hands  have  8hown  improvement. 


Of  conrse,  such  a  bilatcral  involvement  is  very  apt  to  lead  one  astray  in  t 
diagnosis,  and  this  is  more  particularly  so  as  the  evidence  of  ner\'e  impainn^- 
begins  so  manv  vears  after  the  receipt  of  the  injury. 

One  might,  also,  in  this  connection,  refer  to  the  interference  with  uli»-  -^^ 
function  in  the  čase  of  cervical  ribs.    Ilere,  also,  the  evidence  of  nerve  di8tu:^r'l>' 
ance  does  not  appear  for  manv  years,  although  the  cervical  rib  has,  of  coui^^^^ 
been  present  during  the  entire  life  of  the  patient. 

In  ali  of  these  cases  of  interference  with  ulnar  function  at  the  elbow, 
nerve  should  be  exposed  there  by  a  longitiidinal  incision  over  its  coiirse,  *xi^ 
aponeurotic  wall  over  the  canal  should  be  divided,  and  the  nerve  elevated  x<>^ 
inspcction  and  palpation.     As  a  nile,  in  these  cases,  there  will  be  found  a  Sis- 
tinet  bullunis  thickening  of  the  nerve,  usually  just  behind  and  a  little  below  tbe 
inner  condvle,  wliich  bulb  is  due  to  a  chronic  interstitial  neuritis.    It  maj  co^*      I  iji 
taiu  more  or  less  nerve  fibers  or  the  trouble  may  have  progressed  to  a  pota^      Icit 
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where  the  bulbous  masa  ia  almost  eiitirely  connective  tissue.  Of  course,  the 
symptoni8  in  the  individual  caae  wi1I  depend  upon  the  stage  to  wbich  tbo 
neuritiB  haa  developed.  With  complete  replacement  of  nerve  by  fibroua  tiseue, 
tliere  will  be  complete  losa  of  function.  Id  tbe  cases  witb  very  inarked  impair- 
ment  of  fuuction  and,  of  course,  in  ali  caaea  with  complete  loas  of  fuuction,  tbo 
biilbons  masa  ahould  be  entirely  resected.  In  tbe  caae  of  fractiiree  witb  a 
reaiilting  prominent  internat  condyIe,  or  where  the  intemal  condyle  is  natura!ly 
overprominent,  the  groore  for  tbe  u]nar  in  the  bone  ahould  be  dcepened  and 
earefully  amootbed,  and  the  ulnar  nerve  wrapped  in  Cargile  membrane  and  laid 
back  in  the  groove.  The  aponeurotio  covering  of  the  canal  is  tben  suturcd  over 
it  and  the  limb  is  put  up  in  a  aplint  in  complete  cxtension,  in  order  to  re1ax  the 
drag  on  the  nerve  auture. 

In  caaes  wbere  the  interatitial  proceaa  haa  not  advanced  very  far  and  vhere 
there  is  only  a  beginning  interference  with  motor  control  and  a  moderato 
parestbeaia,  tbe  bony  canal  ahould  be  deepened,  tbe  nerve  sheatb  epiit  longi- 
tudinalty  to  relieve  tension,  Cargile  membrane  wrappcd  around  it,  and  the 
nerve  replaced  in  ita  deepened  cana)  and  treated  as  above. 

Injurin  to  the  Hedian  Nerre.^ — The  median  uen'e,  like  the  ulnar,  is  most 
frequently  injured  juat  above  the  wri8t  by  broken  glaas,  incised  wounda,  etc. 
The  symptom8  are  generally  sen8ory  and  confined  to  the  palm  of  the  hand,  but 
there  is  also  a  paralysis  in  the  abductor  opponens  group  of  musclea  and  the 
outer  2  lumbricales. 

With  a  aection  of  this  nerve  ju«t  above  the  wriat,  there  ia  uaua1Iy  combined 
a  scction  of  some  of  tbe  tendons,  although  thia  nerve  is  ao  auperficial  tfaat  it  may 
ocea8ionally  be  tbe  onIy  structure  dividcd  in  addition  to  the  skin  and  aub- 
cutaneoiis  tissues.  After  the  diagnosia  ia  madc,  primary  suture  should  be  done 
in  ali  cases.  After  primary  auture  the  prognosis  is  good  and  the  retum  of 
power  should  be  expected  in  about  10  montba.  After  3econdary  auture,  it  ia 
likely  tliat  senaibility  will  not  become  perfect,  but  the  retum  of  power  in  the 
muacles  involved  ia  apt  to  be  good. 

Another  site  at  which  the  median  is  aometimes  damaged  is  just  above  the 
elbovv,  vvhere  it  is  ]ikely  to  be  injured  by  one  or  the  other  of  the  fragmenta  in  a 
8Upracondylar  fracture  of  the  hiimcrus.  The  types  of  injury  are  qnite  aimilar 
to  those  in  the  miisculospiral  nerve  and  if  the  symptoms  of  damage  persist  long 
enough  for  reaction  of  degeneration  to  oceur,  exploratinn  and  repair  are  indi- 
cated. 

lujnries  Aflecting  the  Kedian  and  Dinar  Nenei.— The  median  and  ulnar 
nerves  are  verj  apt  to  be  injured  Bimultancvuslf,  e9peciBlly  in  injuriea  juat  above 
the  wriBt,  in  which  most  frequently  the  ulnar  ie  completely  divided  and  the  median 
ODly  partiaUr  divided.    The  sjimptoms  are  a  combination  of  those  reeultinK  froin  the 

•lit  slinuld  lil'  nl.iiiK  ihc  lines 
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fractures  ncar  the  elbow,  either  of  the  bumenis  or  of  the  bones  of  the  forearm, 
and  is  essentially  a  conditioii  of  muscular  damage,  preBumably  as  a  result  of 
Rplints  whicb  are  too  firinlj  applied  and  poasibIy,  also,  becauBe  of  some  iitherent 
lack  of  resistance  in  the  patient.  The  muscles  undergo  an  acute  degenerative 
procesa  which  resnits  in  t)ieir  traiisformation  into  hard,  fibrous  tiaaue,  giviag  the 
peculiar  defomiitv  of  this  type  of  injury  (Fig.  30). 

In  niany  of  the  cases  there  de- 
velops  evidence  of  damage  to  tbe 
nerves  vbich,  as  a  rule,  is  obserred 
only  after  some  few  weeks  and  is 
probably  tbe  result  of  extemal 
compreaaion  by  tbe  cicatrized  muB- 
cle  tisBiie,  althoiigh  the  nerve  dam- 
age mav  be  priraarj  and  in  that 
čase  should  liave  been  noted  at  the 
time  of  the  original  injury.  With 
Btretching  of  tbe  muacies  and  the 
use  of  hot  baths  and  massage,  fre- 
quently  tbe  finn  fibrous  mass  mav 
be  made  to  become  softer  and 
more  pliable,  bo  that  the  fingers 
can  be  extended.  With  this  im- 
provement,  there  will  tisuallj  re- 
sult a  disappearance  of  tbe  symp- 
toms  of  nerve  preasure.  If  the 
nerve  svmptoma  do  not  iinprove, 
it  mav  be  necessary  to  cut  down 
upon  the  nerves  in  tlie  upper  portion  of  the  foreanu,  free  theni  from  surround- 
ing  coniprf8.iion,  iind  protect  them  froni  a  reciirrenee. 

Injuries  to  the  Cauda  Eqttina.. — anatomical  considerations.— The  api- 
nal  cord  ends  in  the  adult  at  the  lower  leve!  of  the  tirst  lunibar  vertebra.  The 
portion  of  the  cord  belovv  the  twelftli  dorsal  vertebra  is  known  as  tbe  conus 
nieduUaris.  The  iimibnr  and  eacral  roots  arise  from  the  sides  of  the  ]ower  eiid 
of  the  cord  cJose  togcther,  then  pass  downward  and  make  their  exit  from  the 
dural  canal  considerablv  below  the  level  of  their  origins.  The  third  sacral  root 
leaves  the  cord  just  at  the  upper  eml  of  the  eoiiiis.  Tlie  ganglia  of  the  posterior 
roots  of  these  nen^ea  lie  extradurally,  tlierefore  intradural  damage  of  the  pos- 
terior roota  Jpiids  to  pennanent  degeneration, 

CAUSEs.— The  canda  equina  is  injured,  as  a  rnle.  by  fractures  or  fracture 
dialocations  of  the  himbar  or  dorsohimbar  spine.  Eelow  the  level  of  the  fi»«t 
lunibar  vertebni,  the  injnrv  nsuallv  involves  the  canda  alone.  Above  thatlefd 
tlie  conna  mednllaris  is  also  verv  likelv  to  siiffer  injnrv,  although  it  ia  poa^M* 
that  an  iiijurv  as  liigh  as  the  eleventh  dorsal  vertebra  may  involve 
nerves  of  tlie  cauda.    Oecasionallv  there  will  result  evidences  of  h 


FiQ,  30. — Ttpical  Deformitt  m  Voluiakk'b  Ib- 
CHEHic  Paraltsis  (Left  Hand).  Note  the  differ- 
ent  pusitiun  uf  the  thumb  oa  compared  with  Fig. 


OPERATIONS    ON    THE    PERIPHERAL    NERVES 


561 


caiida  equiua  without  any  obtainable  evidence  of  bone  injurv,  although  this  is 
a  rare  oocurrence.    Theee  cases  practically  ali  make  a  spontaneoiis  recovery, 

BESULTS. — In  injiiries  of  the  cauda  alono,  aenaorv  symptoms  are  devel- 
opcd  in  tbe  area  of  the  third  sacral  roots  and  thoeo  below.  This  givea  a  saddle- 
aiiaped  area  of  sensory  diaturbancea  involving  the  buttocka  and  perineum 
{Fig.  31). 

There  is  paralvaU  of  muscle  groupa  according  to  the  anterior  roota  damaged, 
and  the  paraivsia  is  of  the  peripheral  type.  Often  the  paralyBis  is  asvmmetri- 
callj  distributed  on  the  2  sides. 


In  injuries  both  of  the  cauda  alone  and  of  the  a 
bladder  and  rectutn,  resulting  in  retention  of  ur  m 
jurios  involving  the  conus 
akne  there  is  a  small  area 
of  anesthesia  over  the  coccyic, 
in  addition  to,  the  paral;siB 
of  the  bladder  and  rectum. 
After  a  few  months,  lesiona 
involving  the  cauda  will 
H  h  o  w  improvement,  «pe- 
eiallj  in  the  motor  diflturb- 
ances.  If  the  posterior  roots 
ha  ve  been  damaged  auffi- 
eiently  to  cauae  degenera- 
tion,  the  eensorj  diaturb- 
ancea will  be  permanent  be- 
cauae  the  injury  haa  oc- 
curred  between  the  trophic 
center,  which  ia  the  gan- 
glion  of  the  posterior  root, 
and  the  apinal  cord.  On 
the  whole,  prognoais  is  not 
very  good.  While  the  ma- 
joritj  of  cases  of  pure 
caudal  iniury  ahow  im- 
provement, they  very  aeldom 
progreaa  to  completo  recov- 
ery.  When  the  conua  haa  been  damaged,  the  sjmptoniB 
manent. 


paraljsis  of  the 
id  m  1  ntni  ni-e  of  fcoea. 


TBEATMENT. — In  those  cases  with  8ymptomH  of  caudal  and  combined  conus 
and  caudal  lesiona,  where  the  X-ray  picturea  ahow  injnry  to  the  bonv  spine, 
laminectoiny  should  be  done  at  once,  and  such  damage  as  is  fonud,  repaired, 
i.  e.,  by  end-to-end  auture  of  divided  or  cruahed  motor  nKita,  releaae  froui  bony 
presaure,  etc.  De!ay  in  the  preaence  of  continuing  presaure  mav  caiiac  complete 
and  ptTmiinciit  tl(/;;i-n.-T:Ltioii  <>(  tiie  imstorinr  nn.ts,  ivitii  fi.rrpspontlini;  peniia- 
neiit  sensorv  distiirliuiioe*. 

In  these  cuafts,  bilateral  lamini^ctoijiv  ia  to  I>p  pniferred,  as  the  !njury  is 
bilateral  and  the  manipulatifina  require  extra  epace.     In  lato  — -«1^  iwh""  pnraiy- 
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sis  of  the  bladder  and  rectum  have  persisted,  it  is  feasiblo  to  do  intraspinal 
anastomosis,  using  a  root  or  roots  from  above  the  site  of  injury,  dissected  for 
some  distance  extraspinally  and  puUed  back  within  the  dura  (this  to  get  the 
additional  length  of  nerve  necessarj),  and  thcn  anastomosed  end  to  end  with 
the  third  and  fourth  sacral  roots,  whieh  have  been  divided  at  their  exit  from 
the  cord  and  raised  to  meet  the  sound  roots.  One  successful  čase  by  the  use  of 
this  procedure  has  been  reported  by  Frazier  (11). 

The  suggestion  has  also  been  made  of  using  this  sort  of  nerve  anastomosis 
for  getting  around  transverse  injuries  of  the  cord.  One  of  the  chief  difficulties 
in  this  type  of  nerve  anastomosis  is  the  very  great  tendency  toward  connective- 
tissue  formation  within  the  dura  and  resulting  interference  with  proper  re- 
generation  in  the  2  nerves  sutured. 

Injuries  to  the  Oreat  Sciatic  Herve. — Injuries  to  this  nerve  are  iiifrequeiit, 
except  in  war,  where  they  are  very  common.  It  may  be  injured  in  fracturea 
of  the  pelvis,  during  manipulations  for  reducing  a  dislocated  hip  and  especiallj 
in  the  manipulations  for  reducing  congenital  dislocations  of  the  hip.  Usuallj 
these  injuries  are  only  partial,  and  spontaneous  recovery  ensues  after  a  con- 
siderable  interval  of  time. 

The  great  sciatic  divides  into  the  external  and  intemal  popliteal  nerves  just 
above  the  popliteal  space.    It  is  an  interesting  fact,  however,  that  the  2  nerves 
run  entirely  separate  right  up  to  the  sacral  plexus  and  are  simply  boimd  to- 
gether  by  an  extemal  sheath.     Although  there  is  no  known  reason  for  it,  it  is 
a  fact  that  the  external  popliteal  nerve  suifers  damage  far  more  often  than  the 
internal  popliteal.     In  gunshot  wound8  it  is  the  portion  of  the  great  sciatic 
damaged  in  about  90  per  cent.  of  the  cases.     The  8ymptoms  will  depend  upon 
the  extent  of  the  damage  and  will,  of  course,  involve  paralvsis  of  the  muscles 
whose  nerve  supplv  has  been  cut  oflF;  thev  will  vary  in  the  degree  of  loss  of  sensi- 
bilitv  with  the  aniount  of  nerve  dauiaged,  and  also  according  to  the  site  of  the 
nerve  damaged.     \Vhere  the  damaged  portion  of  nerve  is  resected  and  end-to- 
end  suture  done,  the  first  muscular  return  occurs,  as  a  rule,  in  the  hamstrinir 
muscles,  in  about  a  year.     In  2  year8,  the  leg  muscles  begin  to  show  voluntarv 
power,  and  complete  recovery  may  occur  after  3  years.    In  general,  the  return 
of  function  in  the  great  sciatic  is  very  much  less  prompt  and  less  perfect  than 
in  cases  of  nerve  damage  in  the  upper  extremity.     For  this  reason  the  greatest 
čare  should  be  exercised  to  follow  ali  the  details  of  perfect  technic,  both  at 
the  time  of  operation  and  in  the  after-care,  in  order  to  get  the  best  result  pos- 
sible  in  the  individual  čase. 

The  internal  popliteal  nerve  is  seldom  damaged,  but  when  it  is  damaged 
and  then  repairod,  its  reeovery  is  more  prompt  and  more  satisfactory  than  is 
that  of  the  extenial  popliteal. 

The  external  popliteal  nerve  is  usuallv  injured  just  as  it  wind8  around  the 
neck  of  the  fibula.     It  often  suflFers  from  pressure  damage  as  a  result  of  Sh 
adjusted  leggings  or  from  falls  into  holes,  where  the  leg  is  jammed,  eb 
these  cases,  the  damage  is  usually  one  of  severe  pressure,  often  m 
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by  laceration  of  thc  nerve  trunk,  This  type  of  injury  is  very  apt  not  to 
undergo  spoiitaneoua  regeneration.  The  paraljsia  mav  be  complete  or  may  in- 
volve  onIy  a  portion  of  the  muscle  8Upply,  according  to  tlie  cxtciit  of  iiijurv  to 
tho  ncrvc.  In  these  cascs  the  indication  is  always  to  do  immeiliato  exploration 
on  discoverv  of  tho  paralyai8.  As  a  nile  this  can  be  done  readily  uniler  local 
8iie8thc8ia,  thc  conditioii  of  the  nerve  dctermiiied  and  the  proper  meaiis  of  re- 
pair  adopted. 

The  other  nervee  of  the  ]ower  extremity  are  rarely  damaged,  eitcept  in  gun- 
shot  or  štab  wouDds,  in  wfaich  čase  the  wound  should  be  enlarged  and  the  nervo 
sutured. 

See  aleo  Operations  for  Relief  of  Pain. 


OPEBATIONS  FOK  TUMOItS  OF  HEBVB8 

FaUe  Nearomata. — The  nerve  sheatha  are  often,  either  inside  or  ont,  the  seat 
of  tibroma,  sarcoma,  or  othor  new  grovrth,  which  niay  seem  to  be  a  part  of  the 
ner\'e,  although  in  reality  the  fibera  pass  through  the  tumor 
or  beneath  it  and  get  around  it,  ho  that  these  grovtha  are, 
thercfore,  not  essentially  tumors  of  the  nerve  tissue.  These 
are  kiiown  as  false  neuromata  becaiise  they  do  not  contain 
nen-e  cells  or  nerve  fibers.  They  niay  cauBe  nerii-e  aymp- 
toins  as  a  result  of  tlie  preaaure  of  the  tumor  caiising  aec- 
ondarv  degeneration  of  the  nerve.  The  8ymptoms  will  be 
tliose  reaulting  from  compression  of  the  nerve. 

Trne  Nearomata. — Trne  tumors  of  the  nervea,  knowii 
as  ncuromas,  consist  of  nerve  fibera  which  may  be  modul- 
lary  or,  more  often,  non-medul]ary,  and  are  withoiit  nerve 
cells.  In  iHany  of  the  tumors  there  is  so  much  fibroua  tissue 
that  thcy  are  called  neurotibromata.  Neurofibroinata  are 
very  apt  to  be  multiple  and  in  the  majority  of  cases  may 
run  lip  into  the  hundreda.  In  one  čase,  reported  by  Prud- 
den,  tliere  were  1,000  tumora.  As  a  mle,  the  tuinora  are 
8niall — about  '/i  *""■  i"  diameter — but  occasionaliy  they 
grow  to  be  of  a  diameter  of  10  cm.  Sometimee  they  appear 
on  the  seiisorv  nervcs  of  the  skin  and  in  these  cases  niay  be 
roadilv  felt  and  are  U8HaIIy  tender,  These  tumors  are  often 
designated  as  fibroma  moUusca,  nr  tubercula  dolorosa. 

Another  form  of  nerve  tumor  ia  what  is  known  as  pleri- 
form  neuroma,  this  type  heiug  found  most  frequently  about 
the  faead,  face  and  seck.    It  ocnsiata  of  a  great  enlargement 
anil  plpxifonn  urrangeiiipnt  of  nervo  ribfira,  whifli  ari?  not  painful  imr  sensitivo 
to  tonch. 

Treatment. — Tn  nioHt  fawa  ihp  nuiltiplo  neumniata  caiise  no  symptoms  un- 
lees  tlicv  be<;oiDe  '"'TTT*  f*1flHl^ftT'*fBH  y"""«|  in  which  Casc  p^iu  and,  po&si- 


Fio.   32.  —  MuLTiPL« 
Nedbouata.  (After 

SUIT.) 
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bly,  motor  disturbances  resiilt.  These  neuromata  cannot  be  removed  becanse 
they  are  so  numerous.  Occa8ionally  neuromata  of  large  size  are  removed  to 
prevent  the  mechanical  disturbances  arising  from  their  size  and  situation. 

In  removing  false  neuromata  the  nerve  sheath  should  be  split  longitudinall;, 
the  tumor  grasped  and  the  nerve  bundles  dissected  away  from  it  very  earefuUj, 
80  as  to  cause  minimum  damage  to  them.  In  true  neuromata  involving  the 
nerve  tissue  proper,  where  removal  is  necessitated  because  of  pain  or  motor 
paralysis  due  to  pressure,  transverse  section  above  and  below  the  tumor  should 
be  followed  by  immediate  end-to-end  suture. 

In  some  of  the  neurofibromata  there  may  occur  myxomatous,  cjstic  or  sar- 
comatous  degeneration.  With  the  development  of  sareoma,  pain  and  paralysis 
are  apt  to  appear  from  pressure.  Of  eourse,  sarcoma  must  be  removed,  but  is 
very  apt  to  recur  elsewhere. 

The  neuroma  which  develops  at  the  end  of  a  divided  ner\'e  in  an  amputa- 
tion  stump  is  usually  the  result  of  long-continued  moderate  irritation.  These 
neuromata  are  U8ually  painful  and  very  tender  to  the  touch.  If  nerves  at  the 
time  of  amputation  were  resected  sufBciently  high,  neuromata  would  not  form. 
Once  painful  neuroma  has  occurred,  the  only  treatment  is  incision  down  to  and 
excision  of  it  and  as  much  of  the  nerve  trunk  as  is  feasible. 


OPEBATIONS  ON  THE  OBANIAL  NEBVE8 

Surgical  interference  is  indicated  in  disturbances  of  the  cranial  nerves  re- 
sulting  in  great  pain,  as  in  trigeminal  neuralgia;  in  motor  disturbance,  as  in 
facial  palsy;  and  in  ccrtain  othcr  functional  disturbances,  as  in  persistent 
tinnitus  aurium,  and  in  a  cortain  small  number  of  cases  in  which  the  gastric 
crises  of  tabcs  scem  to  have  their  origin  in  pneumogastric  disorder. 

The  first  four  cranial  nerves  will  not  be  considercd  here  inasmuch  as  their 
disturbances  are  either  non-surgical  or  result  indirectlv  from  the  pressure  of 
neighboring  lesions,  tlic  treatment  of  which  will  be  considered  under  the  section 
on  the  skull  and  brain. 

FIFTH   OBANIAL  NEBVE 

Trigeminal  Nerve 

The  fifth  cranial  nerv^e,  or  trigeminal,  as  it  is  frequently  called,  has  stimu- 
lated  more  surgical  interest  and  the  development  of  more  ingenious  technic 
tlian  anv  othcr  nerve  in  the  human  anatomv. 

4.'  «' 

Tho  indieation  for  surgical  interference  is  alway8  intractable  unbearable  neoialgu, 
and  this  has  usually  exi8ted,  eithor  persiatontly  or  in  attacks  which  oocur  moi«  £»■ 
qiicntly  as  time  goes  on,  over  long  periods  of  time. 

Anatomical  Gonsiderations. — The  nerve  ariscs  by  a  small  anterior  motr^       In 
large  poster ior  sensory  root,  which  emerge  close  together  from  the  poiU  dbn* 
ter,  nm  f()rward  to  the  upper  edge  of  the  petrous  bone,  wher©  th€y  psu 
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opening  in  tbe  dura  above  tbe  int«mal  auditoi?  meatue,  and  then  between  the  dura  and 
petrouB  bone  to  tbe  depreesion  near  the  apex  of  tbe  petrous  bone  in  wbich  the  Gasserian 
gunglion  is  ensconced,  and  wbicb  ia  UBually  juet  int«miil  to  tbe  entrance  of  the  niiddle 
meningeal  artcry  to  the  akuU.  Only  the  sensorj  root  entera  the  gungUun.  The  motor 
root  liea  under  the  gan^Uon,  pasaea  out  of  tbe  ekull,  and  then  joina  the  inferior  maxil- 
lBry  bruuch  from  the  ganglion. 

The  dura  splits  so  as  to  eneheath  the  ganglion,  which  ia  said  also  to  bave  anotber 
thin  eiivelope  in  immediate  contact  with  its  surface.  The  blood  BUpply  to  tbe  ganglion 
comeH  chielly  from  beneath. 

From  tbe  ganglion  arise  3  Bensoiy  trunks. 

THE  OPHTHALMIC. — The  upper  or  ophtbalmio  trunk  nin8  forward  along 
the  cavenious  sinus  and  dividea  into  3  brancheB  wbich  enter  the  orbit  through 
the  spheiiuidal  Bsaure.  The  lachr^mal  branch  haa  no  sur^cal  interest.  The 
froDtal  brancli  enierges  from  the  orbit  in  2  parta,  the  aupra-orbital,  which 
passea  through  tlie  foramen  of  the  same  name,  and  tbe  siipratrochiear,  which 
emergea  nearer  the  median  line.  These  2  between  them  supply  senaation  to  the 
integument  of  the  forehead  and  cranium  aa  far  back  as  the  occiput.  The  nasal 
braneli  enters  tho  eranial  cavity  from  the  orbit  through  the  anterior  ethmoidal 
foramen  and  then  pasaea  into  the  nasal  eavity  through  the  cribriform  plate.  It 
auppliea  aensation  to  the  upper  anterior  mucous  membrane  of  the  noše  and  to 
the  tip  and  ala  of  the  noae  externaUy. 

THE  SUPEEIOB  MAXILLAEY. — The  fluperior  maxillary,  or  second  diviaion, 
paaaea  funvard  through  tho  foramen  rotundum,  acroas  the  8plienomaxillary 
fossa,  through  the  sphenomaxi11ary  fissure  into  the  infra-orbital  canal,  from 
which  its  terminal  branches  emerge  at  the  infra-orbital  foramen.  In  its  courae 
it  gives  off  branches  which  Bupply  aensation  to  the  mucous  membrane  of  the 
check,  palate,  pharynx,  and  noše,  to  the  teeth  of  the  upper  jaw,  and  to  the  skin 
of  the  noše,  (^heek  and  temporomalar  r^on. 

THE  INFERIOR  MAXlLLARy. — The  inferior  maxillary,  or  third  diviaion, 
passea  downward  through  the  foramen  ovale  and  ia  joined  just  outside  tbe  akull 
by  the  motor  root.  Tbia  combined  nerve  then  divides  into  an  anterior  branch, 
almoat  entirely  motor,  which  innervates  the  muscies  of  maatication,  and  a  pos- 
terior  branch,  almost  eQtirely  aensory,  whicb  supplies  aensation  to  the  auriculo- 
tcmporal  region,  the  1ower  face,  the  tongue  and  tloor  of  the  moutb  through  tho 
lingiial  nerve,  the  teeth  and  int^umenta  of  the  chin  through  the  inferior  dental. 

Indioationi  for  Treatment. — Conceming  the  choice  of  methods  in  treatment, 
there  will  always  be  discusaion,  but  there  is  unanimitv  in  the  fccling  that  med- 
ical  trciitincnt  sliould  iiKviivs  be  given  lirst  i-haiifo,  aml  t.lmt  \villi  it  slmuld  ahviivd 
be  eombint-d  careful  attention  to  tbe  moutli  li^>.i«i-iiill,v  tn  tlie  teeth,  with  repar.l 
to  erosiou  of  the  enamel  or  the  pre»*rnfc  of  pyi>rrlifii),  to  the  naaal  cavity  and 
acces8iiry  siniiaes,  and  to  th«  oontool*:^  Uta  orbit,  to  eliminate  any  causes  of 
reflex  disturbancea  and  | 

SuH)  treatiTK^nt  sbonld' 
of  it,  tho  attufks  of  pnia 
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ther  means  of  relief  should  be  given  while  the  patient  is  stili  in  good  general  oonditi<>xi« 
and  before  any  of  the  disastrous  drug  habits,  of  whieh  these  patients  are  so  commoixL^ 
the  victims,  have  been  &xed. 


When  the  tirne  for  surgical  interference  has  arrived  a  variety  of  methods 
presented  for  ehoice.    These  methods  vary  inversely  as  to  the  risk  involved 
the  prospect  of  pennanency  of  relief  from  pain. 


Periphekal  Opebation 

When  the  pain  is  distinctlj  peripheral  and  is  confined  to  one  branch  of  t 
nerve,  many  men,  notably  Moschcowitz,  believe  that  permanent  relief  may 
given  by  a  properly  performed  peripheral  operation.     In  general  the  steps  ^z>:f 

the  peripheral  operation  consist  in  the  exposure    ^i>^ 

T^Zp  w^      ^jjg  nerve  at  its  foramen  of  exit,  its  8low  avnlsi 
jI  I         by  the  Thiersch  method,  and  then  the  interpositi 

•  •         of  some  obstruction  to  the  reunion  of  the  centir^^^l 

FiQ.  33.--S1LVER  RivBTs.  (After     ^^jj J  distal  ends  of  the  nerve  if  regeneration  occu 

Mo8cncowitz.)  ,    *^     , 

The  avulsion  method  eonsists  in  freeing 
nerve,  at  its  foramen  of  exit,  from  surroundi 
connective  tissues,  then  grasping  it  with  a  curved  clamp,  and  then  very  sloivlj^^ 
tvvisting  it  about  the  clamp  so  as  to  put  the  central  end  on  the  stretch.  Affc^* 
this  8low,  steadily  increasing  strain  is  appHed  for  some  minutes,  the  ner"'^?'^ 
breaks  centrally  and  some  few  centimeters  corae  away.  The  twist  is  now 
versed,  and  the  peripheral  portion  of  the  nerve  removed  in  similar  fashi 
The  fifth  nerve  is  notorioiisly  inclined  to  regenerate  and  caiise  a  retum  of  pet  i  ^^ 
so  that  this  reraoval  of  a  long  stretch  of  nerve  is  important  if  a  permanent  res^*:*^'^ 
is  to  be  hoped  for. 

In  addition  to  the  avulsion,  regeneration  may  be  further  prevented  by  pli^^S* 
ging  the  foramina  of  exit  with  a  foreign  body,  of  which  the  most  satisfactcr^  ^- 
seems  to  be  the  silver  rivet  of  Moschcowitz,  made  in  different  sizes  and  witfc»-  * 
malleable  head  wliich  can  be  moulded  to  fit  the  bone  surrounding  the  foranc*  ^^ 
(Fig.  33).  The  soft  tissues  are  closed  over  the  rivet  with  laver  siitures  and  "t^*^ 
wound  dressed  withont  drainage. 

On  the  Supra-orbital. — The  first  division  of  the  nerve  is  very  rarely  the  g^^^* 
of  neuralgia,  which  is  fortimate,  since  this  method  is  not  well  adapted  to    ^I^^ 
supra-orbital,  which  is  the  onlv  important  accessible  branch,  since  its  exi't     ^^ 
through  a  notch  rather  than  a  foramen  and  there  is  no  satisfactory  method    ^* 
preventing  reunion.     When  this  nerve  is  to  be  exposed  for  any  reason,   ^^^ 
incision  is  made  in  the  eyebrow,  parallel  to  its  long  axi8,  just  above  the  sup'^ 
orbital  notch,  which  is  easilv  felt.    The  incision  carried  throurh  the  soft  tissu^ 
exposes  the  nerve  Iving  upon  the  bone  and  running  at  right  angles  to  the  Vd^ 
of  incision  (Fig.  34). 
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This  is  avulsed  in  the  manner  previou8ly  described,  and  the  woimd  cloaed 
without  drainago. 

On  the  Saperior  Haxillar7. — The  second  branch  from  the  ganglion,  the  su- 
perior  maxillary,  is  often  the  primary  seat  of  neuralgia.  Wheii  the  pain  is 
diatiiictl.v  peripheral,  aviilsinn  at  the  infra-orbital  foramen  inay  be  indicated. 
Whcn  tho  pain  primarily  jnvolvee  the  molars  of  the  upper  jaw,  it  indicates  that 
the  disease  is  wcll  back  in  the  main  tnink  of  the  second  branch  and  that,  there- 
fore,  avulsion  of  the  infra-orbital  is  not  1ikely  to  stop  the  pain. 

Jn  tbose  cases  where  the  pe- 
ripheral operation  is  indicated,  the 
patient  is  placed  supine  on  the 
table  with  the  head  slightlj  raised. 
\Vhen  the  foramen  cannot  be  lo- 
cated  by  tOHch,  it  raay  be  satisfac- 
torilv  indicated  as  follows:  Draw 
a  line  froin  the  siipra-orbital 
notch,  which  can  alway8  be  felt, 
down  betvveen  the  btcuspids  of  the 
upper  jaw  and  aiso  tboee  of  the 
I  o  w  e  r  jaw.  This  line  passes 
throngh  the  snpra-orbital  notch, 
tho  infra-orbital  foramen,  and  the 
inferior  dental  foramen  (Fig. 
36).  If,  now,  another  line  be 
drawn  parallel  to  and  about  8  to 
12  mm.  (according  to  size  of  face) 
below  the  inferior  margin  of  the 
orbit,  it  will  cross  the  preceding 
line  ovcr  the  infra-orbital  fora- 
men. The  line  of  incision  should  be  about  2.5  cm.  long,  should  begin  to  the 
inner  side  of  the  foramen,  and  ahould  run  down  and  outward  so  as  to  avoid 
damage  to  the  fibers  of  the  facial  as  they  enter  the  orbicularis  muscle.  If  local 
anesthesia  is  to  be  used,  and  it  frequent]y  sufRces,  the  tissues  in  the  preceding 
line  are  intiltrated  and  after  an  interval  of  5  minntes  the  incision  is  carried 
through  ekin,  fat,  and  orbicularis  muscle  down  to  bone.  The  foramen  is  usually 
foimd  at  the  hottom  of  a  small  deprcssion  fillcd  with  fat,  and  from  it  radiate  the 
terminal  branches  of  the  infra-orbital  iierve.     (Figs.  3+  and  35.) 

If  avulsion  is  to  be  practice<l,  a  long  slender  ncedlc  must  be  paased  as  far 

backvard  along  the  nerve  as  possible  and  some  loonl  unesthotic  niii^t  be  injected 

to  prevent  the  pain  that  vould  otherwise  be  causcd.     Tliis  step  wouId  not  be 

neoessar^  if  general  anestheeia  vere  uaed  unlcss  one  wero  practicing  anoci- 

•on  os  described  hj  Ciile. 

"erve,  after  be:  i  fat  and  cormcctive  tissiie,  is  {;n'i>spcd 

■np  snd  I)  method  previonslv  described.     A 


Fia.  34. — 1,    SuPRA-OEBiTAL    Nebtr    *i»  Asmri 

2,     SUPKATROCHLBAH      NUtVI;       3.     IkPKA-ORBITiU> 

NsKva  Embboiho  rBOM  thi  Ittnut-oaartAt.  Foka- 
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flilver  rivet  of  a  size  to  fit 
sniiglj  is  driven  into  the  fora- 
men,  and  the  malleable  flange 
ia  accurately  moulded  to  the 
surrounding  bone.  The  soft 
tiasues  are  closed  by  catgut 
layer  suturea,  the  skin  by  fine 
Bilk  No  drainage  is  uaed. 
The  soar  lies  in  the  line  of 
natural  wTinkles  and  will  be 
Bcarcely  noticeable. 

Another  method  which 
avoids  an  extemal  scar  con- 
siste  in  making  a  longitudinal 
incision  in  the  gingivolabial 
fold  of  mucoua  membrane 
over  the  canine  fossa  down 
to  the  bone  and  then  atrip- 
ping  up  ali  the  soft  tissuea 
until  the  foramen  and  neire 
hranches  are  esposed.  Whi]e 
thia  method  does  not  leave 
a  visible  scar,  the  workiiig 

Bpace  and  illiimination  are  much  lesa  satisfactor^,  and  the  chancea  of  infection 

from  tlic  mouth  are  considcrable. 

On  the  Inferior  Dental. — The   info- 

rior  deiital  nerve  is  the  one  most  fre- 

quent!y   involved    with   neiiralgia       It 

makes  ita  periphcral  rxit  from  tlie  men 

tal  foramen.     Tliis  foramen  lie-^  on  the 

line  previoiislv  meiitioiied,   at  a  point 

aboiit  midway  between  the  aheolar  and 

inferior  borders  of  tlic  jaw.    Thia  point 

will  bo  found  to  be  nearlv  snbimicoiis. 
A  lonfritudinal  incision  is  made  in 

the   gingivoiabial   fold  jitst   bclow   the 

two  bi<ruspids  down  to  bone.  from  wliich 

tho  soft  tissHca  are  scparated  nntil  the 

foramen  and  the  nerve  coming  from  it 

are  esposed.     Tlie  lo\ver  lip  ean  be  re- 

tracted  d(twnward  readilv  and  good  Hght 

and  -vvorking  room  obtained.     After  the 

nerv-e    is    avnlsed    and     the    foramen 

plugged,  the  wound  may  bc  cloaed  with 


la.  36. — A  Straiobt  Lun 
THBODaH  Ihtka- 
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a  few  sutures  of  silk  throiigh  the  miicous  membrane,  or  the  tissue  may  be  allowed 
to  fall  into  natural  apposition  without  any  sutures. 

Besnlts  of  Peripheral  Operation. — These  peripheral  opcrations  are  ea8y,  sim- 
ple,  and  free  from  danger.  They  sometimes  give  permanent  relief,  often  give 
relief  for  1  or  2  years,  but,  as  a  rule,  in  the  majority  of  cases  have  proven  un- 
8atisfactory  in  the  long  run. 

When  the  neuralgic  process  involves  the  nerve  trunks  back  near  the  base 
of  the  skull  so  that  operation  of  the  peripheral  type  is  contra-indicated,  three 
modes  of  procedure  are  open  to  consideration : 

1.  Resection  of  the  nerve  trunks  at  their  exit  from  the  base  of  the  skull. 

2.  Alcohol  injections  into  the  nerve  trunks. 

3.  Intracranial  operation  on  the  Gasserian  ganglion. 

1.     Resection  of  the  Nerve  Trunks  at  Tiieir  Exit  from  the  Base  of  the 

Skull 

The  various  procedures  devised  for  this  purpose  are  ali  mutilating,  bloody, 
tedious,  and  difficult.  They  involve  as  much  intrinsic  risk  as  the  intracranial 
attack  upon  the  Gasserian  ganglion  and  in  addition  give  no  guarantee  of  per- 
manent relief  from  the  neuralgia  for  which  they  are  d(me,  because  these  nerves 
8how  a  surprising  power  of  regeneration,  and  this  regeneration  is  usually  fol- 
lowed  by  a  recurrence  of  the  pain.  For  these  reasons  such  operations  are  not 
worth  while  and  will  not  be  described. 


2.     Alcohol  Injections  into  the  Nerve  Trunks 

Alcohol  injections  into  the  nerve  trimks  at  their  exit  from  the  skull  have 
had  a  considerable  vogue  for  several  year8  and  have  many  euthusiastic  advo- 

cates. 

Advantages. — The  advantage  of  the  method  lies  in  the  fact  that  by  an 
operation  which  is  simple  and  comparatively  free  from  danger,  immediate  relief 
can  be  given  to  these  sufferers  without  their  being  incapacitated  for  work  for 
more  than  a  few  hours. 

Disadvantages. — The  disadvantages  are  several:  The  procedure  is  carried 
out  in  the  dark,  the  operator  feeling  about  in  the  tissues  with  the  point  of  the 
needle  until  he  strikes  the  ner\'e  trimk.  It  not  infrequently  happens  that  even 
an  experienced  man  will  fail  to  find  the  tnink  itself  and  have  to  satisfv  himself 
with  injecting  the  alcohol  into  what  he  conceives  to  be  close  proximity  to  the 
nerve. 

best  the  injection,  even  vrken  put  Into  tho  nervo  itsolf,  pves  relief  onlv 

(6  to  12  months).  be  repeatod  whpn  tlic  pain  recurs.    If 

"•»neated  too  e  musclea  of  mastication  are  apt  to 
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become  indurated  and  so  interfere  with  the  free  mobility  of  the  lower  jaw. 
When,  in  difficult  cases,  the  nerve  itself  is  not  found,  but  the  alcohol  is  injected 
into  the  tissues  in  the  region  of  the  nerve^  the  relief  is  not  so  durable^  and  the 
surrounding  tissues  are  more  indurated. 

Instruments. — The  instruments  used  consist  of  a  needle  12  cm.  long  and 
1.75  mm.  in  diameter,  rather  blunt-pointed,  and  fitted  with  a  stylet  which  comes       W-jn 
out  flush  with  the  needle  tip.     This  needle  is  graduated  in  centimeters.    The       |Tutr 
proximal  end  of  this  needle  is  constructed  to  make  a  tight  joint  with  the  thread- 
less  nozzle  of  a  glass  syringe,  which  will  hold  2  c.  c.  or  more  (Fig.  37). 

Where  mueh  induration  of  the  soft  tissues  has  occurred,  it  b  sometimes 
nece8sary  to  use  a  slenderer  and  sharper  needle  in  order  to  penetrate  to  the 
nerve.     Such  a  needle  is  more  apt  to  eause  injury  to  vessels,  is  more  flexibl«7 
and  so  less  under  control  for  prodding  in  different  direetions  in  the  depth,  and  i* 
less  apt  to  give  the  characteristic  pain  upon  piercing  the  nerve. 

Solution  for  Injection. — The  solution  used  varies  with  different  write:x=^ 
The  one  used  by  Patrick  (59)  in  his  large  series  was: 


^ 

■^ 


Cocain  muriat   

Alcohol   13 

Aq.  dest.  q.s.ad 15 

M. 

Sig.     Usually  about  2  c.  c  at  an  injection. 


gm.  or  0.0* 

1   (gr.  ii) 
5   (dr.  iiiss.) 
5    (oz.   88.) 


Anesthesia. — Usually  a  general  anesthetic  is  unneces8ary  and  undesiral^^^^^®? 
for  the  conscious  patient  is  able  to  help  very  decidedly  in  determining  whetl=^®' 
the  needle  is  in  the  nerve  or  not. 

Contra-indications. — The  first  or  ophthalmic  division  of  the  nerve  should  nei 
be  injected,  since  its  close  proximity  to  very  important  vessels  and  nerves  renders 
procedure  too   hazardous.     For   analogous   reasons  the  injections   of  the  GasserK^  ^^^ 
ganglion  through  the  basal  foramina  do  not  seem  justifiable. 


Teohnic' — GENERAL  considerations.— The  needle  penetrates  the  sls^-^=«i° 
8omewhat  more  easilv  if  the  8tylet  is  8lightly  withdrawn  until  the  subcutanecr:^^^^^^ 
tissues  are  reached,  when  it  is  fully  inserted  to  give  better  protection  to  tr^^h^ 
vessels  of  the  deeper  structures.     The  needle  is  pushed  steadi]y  and  slowly         ^^ 
the  direction  where  the  nerve  trunk  should  be,  until  it  has  reached  the  depth         *^ 
which  the  nerve  is  usually  found.    If  the  needle,  during  its  progress,  enters  ic:^^ 
nerve  sheath,  the  fact  is  raade  known  by  a  pain  in  a  part  or  the  whole  of  t^^^ 
peripheral  distribution  of  the  nerve.    This  pain  varies  greatly  in  degree,  ani     ^^ 
sometimes  onlv  a  ^^pins  and  needles"  sensation. 

If  the  needle  has  been  inserted  in  the  proper  direction  and  to  the  prop^^ 
depth  without  eliciting  any  of  these  sensory  disturbances,  the  point  should  ^ 

*  Af  ter  Hugh  T.  Patrick. 


OPERATIONS  ON  THE  CRANIAL  NERVES 


671 


pressed  upward,  downward,  forward,  and  backward  to  see  if  in  some  one  of 
these  directions  it  will  not  elicit  the  nerve  pain  and  indicate  in  what  direction 
it  shoiild  be  then  inserted.  The  needle  is  partially  withdrawn  and  re-inserted 
in  the  indicated  direction.  When  the  attempts  thus  far  have  failed,  one  must 
8y8tematically  try  to  feel  out  the  nerve  by  pushing 
the  needle  point  in  various  directions  in  the  zone  in 
vvhich  the  nerve  must  be  located. 

When  the  characteristic  pain  indicates  that  the 
needle  has  entered  the  nerve  sheath,  the  stylet  is  with- 
drawn,  and  the  syringe  with  the  solution  is  fitted  into 
the  needle.  Two  c.  c.  are  injected  8teadily  into  the 
nerve.  Too  sudden  or  forceful  injection  of  the  al- 
cohol  causes  nnnecessary  pain. 

In  čase  none  of  these  various  attempts  have 
elicited  the  characteristic  pain,  the  needle  should  be 
inserted  to  where  the  nerve  ought  to  be  and  a  little 
alcohol  solution  injected  with  a  spurt.  This  will 
sometimes  elicit  the  pain  when  the  point  of  the  needle 
has  failed  to  do  so.  If  the  pain  is  thus  elicited,  the 
regular  dose  of  alcohol  should  be  injected  with  the 
feeling  that  it  is  in  the  nerve  or  in  close  proximity 
to  it.  If  ali  of  these  methods  have  failed  to  discover 
the  nerve  trunk,  the  patient  should  be  asked  to  return 
a  day  or  two  later,  when  a  second  attempt  may  be 
more  successful. 

After  the  alcohol  has  been  injected,  the  8yringe  is 
detached  and  the  stylet  replaced  in  the  needle,  which 
is  then  left  in  situ  for  a  few  minutes  to  permit  hemo- 
stasis  along  the  track  of  the  needle,  which  is  then 
slowly  withdrawn.  After  a  few  moments  of  pressure 
over  the  skin  puncture  a  little  coUodion  is  used  to 
seal  it  and  the  procedure  is  finished. 

In  the  interval  between  the  injection  of  the  alcohol  and  the  withdrawal  of 
the  needle  sensory  tests  should  be  made  of  the  skin  area  supplied  by  the  nerve 
suppo8edly  injected.  If  deep  pin  pricks  over  the  whole  area  supplied  cause  no 
pain  at  aH,  the  injection  has  been  perfectly  successful.  If  therc  is  onlv  partial 
analgesia,  or  if  the  analgesia  is  delayed  in  appearing,  the  injection  has  been 
near  rathcr  than  into  the  nerve,  and  it  may  be  expectcd  that  the  relief  from 
pain  will  be  of  short  duration. 

It  frequently  happens  in  these  tic  douloureux  cases  that  sensory  stimulation 
of  a  surface  supplied  by  one  branch  of  the  nerve  will  cause  apasins  of  pain  in 
an  entirelv  difTerent  branch.  Patrick  calls  the  field  in  wliich  stimulation  starts 
the  distant  pain  the  ^^dolor-genotic  zone/'  and  states  tliat  the  nerve  supplying 
this  zone  must  be  injected  before  the  distant  pain  can  be  stopped. 
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Fio.  37.  —  Glasb  Strinoe, 
Nbbdls  and  Sttlbt  for 
Alcoholic  Injection  of 
FiFTH  Cranial  Nerve. 


PElIIPIIEItAL    AND    ORANTAL 

IjJECTION  OF  THE  SUPERtOR   MAXILLARY  NEEVE. — The     point 

»C  for  tlie  iieetllfi  Js  at  thc  loHer  bonier  of  the  zvgoma,  O.Š  cm.  beliUid  t\ie 

pf  the  posterior  cdge  of  tlie  orbilal  procesa  of  the  iiialar  bone  (Figs,  39  aiiA 

This  edge  is  easily  felt.     The  needle  13  iiiserted  in  the  sagittal  plane  anA 

Ited  upward  so  that  at  a  depth  of  5  cm.  the  poInt  wouId  be  aboiit  oii  the  leve^ 

phe  lower  end  of  the  iiasal  bones.     At  this  point  the  needle  ia  eupposed    t« 


enter  tbe  ner\'e  as  it  cnmes  into  the  sphenomasillarv  foasa  from  the  forai^^^^*  *" 
rotundum. 

Variations  in  the  bnnv  eontrnir  of  lUfFerent  skiills  make  it  necesaarv  " 

inodify  the  procedure  in  certain  cascs.     The  z.vgomatic  arch  ia  sometinies  hij^"- 
Bometimes  low,  and  somctimes  the  anterior  end  of  it  slauts  dowiiwan!  a*^      " 
fairl_v  sharp  anjilc.     The  witlth  of  the  orbital  procesa  of  the  nialar  l)one  var***^ 
conaiderahIy.     Thesc  factors  infliience  tho  entrance  and  slant  of  the  need'^' 
The  coronoid  procesa  of  the  lower  jaw  mav  be  so  far  forward  of  its  iiaual  po^'" 
tion  as  te  neceasitate  the  entrance  of  the  ncoillc  wcll  in  front  of  and  l>elow  *J'^ 
site  above  mentioned.     In  these  cases  tho  needte  mav  strike  the  posterior  edg^ 
of  the  superior  maxi1la  if  it  be  well  roundcd  and  prominent,  and  it  mav  tb*" 
be  neceasarv  to  paas  the  needle  ihrou^b  the  coronoid  notch  in  the  attenipt   ^' 
reneh  the  nerve. 

In  eaaes  with  atjpical  bony  conformation  the  operator,  to  be  Biiccessf"'- 
mnat  be  able  to  visnalize  tbe  relation  of  tho  nerve  to  the  bonv  proceases,  clu«'* 
the  moditication  of  tho  approach,  and  then  strike  it  in  tbe  dark  so  to  speak. 
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In  general,  thc  needlc  ahould  be  inserted  about  5  cm.  to  rcach  this  nervo,  al- 
tliough  the  distancc  will  be  slightly  lees  in  patientB  wfao  are  iiarrow  in  the  in- 
terzvgomatic  diameter,  and  8lightly  more  in  those  with  a  wide  diameter. 

Two  dangers  are  inherent  to  this  injection:  (1)  entranre  into  the  orbit  tfarou(;h 
the  Bphcnomaxillai7  fissurc,  which  comea  from  slanting  the  ncedle  too  far  forward  and 
can  alway8  be  avoidcd  b;  attention  to  this  detai] ;  (2)  paraljsis  of  the  siith  nerve,  which 
liea  deepcr  than  the  nerve  under  conaideration  but  in  the  line  of  proftress  of  the  needid. 
To  avoid  this  latter  trouble,  when  the  needle  is  in  position  for  the  injection,  the  alcohol 
is  eent  in  a  few  minims  at  a  tirne,  and  the  power  of  estemai  rotation  of  the  e;e  coQ- 
etantljr  testcd.     On  the  firat  sign  of  weaknese  in  this  motion,  the  injection  is  Gtopped 


ImacnoN  or  Tkibd  E 


B  or  FiFTH  Naara. 


and  the  point  of  the  needle  is  made  to  seek  out  anothcr  part  of  the  nerve  farther  awa7 
from  the  sisth,  whcn  the  injection  may  be  eompleted.  With  these  precautionB,  damage 
to  thc  sixth,  if  it  occure  at  ali,  will  be  slight  and  transient, 

INJECTION  OF  THE  INFEBIOB  MASILLABT  NERVE. — The  point  of  €11- 
tranee  for  the  needle  selected  by  Levy  and  Baudoine  is  just  below  the  zygoma 
and  2.5  cm.  in  front  of  the  anterior  root  of  the  zygoina,  whiGh  mns  juat  in 
front  of  the  external  auditory  caual  (Figa.  40  and  41).  In  patients  with  long 
narrow  heads  this  diatance  is  Batiefactory,  but  in  ahort  wide  heada  it  ie  too 
great.  Ab  a  matter  of  practice,  the  point  will  be  found  to  be  on  the  Iower  border 
of  the  zvgoma  abont  halfway  bctw«'n  pcrpendiculars  from  t*""  "^ 

the  zvgoma  and  thc  posterior  edge  of  the  orbital  proo* 
needle  is  inserted  inward,  80mewhat  backward,  t 
tance  of  abont  4  cm.,  when  it  should  be  dofl 
nerve  from  the  aurface  varies  fn>ia  4  tO  ft 
of  the  hcad. 
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A  helpf ul  landmark  is  the  extemal  pterygoid  plate,  which  lies  at  about  the 
same  depth  biit  a  little  anterior  to  the  nerve.  If  the  needle  be  made  to  strike 
the  pterygoid  plate  at  the  start,  it  can  be  worked  backward  at  about  the  same 
depth  and  made  to  strike  the  nerve  with  more  certaintj  than  by  methods  having 
no  fixed  landmarks.  When  the  sigmoid  notch  is  very  shallow  it  mav  be  neces- 
sary  to  have  the  patient  open  the  mouth  to  permit  the  needle  to  pass.  If  the 
needle  passes  too  close  to  the  inferior  maxillary  joint,  this  is  apt  to  become  stiff 
and  painful  for  a  time.  When  the  nerve  is  pierced  there  is  U8ually  pain  in  the 
lip,  jaw  or  tongue. 

Kesults.  — From  the  f oregoing  it  is  obviousljr  more  or  less  a  matter  of  ehance  as  to 
whether  the  needle  point  enters  the  nerve  sheath  or  not,  and  when  it  does  not  the  results 
are  sure  to  be  unsatisfactorj. 

Following  the  injection  there  is  always  eonsiderable  swelling  of  the  soft 
parts,  which  iisually  subsides  qiiickly.  Occa8ionally  there  will  be  a  very  un- 
fortunate  seqiiel.  One  woman  who  had  had  several  injections  for  a  severe 
neuralgia  of  the  inferior  branch  with  relief  for  several  months  at  a  time,  after 
her  last  injection  had  immediate  marked  swelling,  discoloration,  and  pain  in 
the  whole  si  de  of  the  face  and  head.  This  was  soon  followed  by  slonghing  of  the 
skin  and  subcutaneous  tissues  from  the  midline  of  the  vertex,  down  along  the 
front  of  the  ear  to  the  lower  border  of  the  lower  jaw,  forward  to  the  angle  of 
the  moiith,  upward  to  the  bridge  of  the  noše,  outward  under  the  eye,  and  np- 
ward  aeross  the  temple  to  the  vertex.  Several  other  such  cases  have  been  re- 
ported,  but  fortunately  the  percentage  of  snch  complications  is  not  high. 

If  it  is  necessarjr  to  give  several  injections,  e8pecially  if  the  intervals  be  short, 
there  is  a  tcndency  for  the  muscles  of  mastication  to  become  infiltrated,  with  resulting 
interference  with  the  free  mobility  of  the  lower  jaw. 

The  results  of  this  procedure  are  at  best  temporary,  the  relief  lasting  froni 
6  to  12  months  (rarely  4  years),  according  to  the  severi ty  of  the  disease  and  the 
accuracy  with  which  the  alcohol  was  placed  in  the  nerve  trunk.  There  is  no 
morta]ity  connected  with  the  procedure,  and  the  percentage  of  serious  compli" 
cations  is  low. 

From  its  teniporary  effect  and  the  uncertainty  involved  in  its  application,  it  woula 
seem  to  be  beat  reserved  for  those  cases  unable,  for  one  reason  or  another,  to  obtain  the 
permanent  relief  aflForded  by  the  Gasaerian  operation  and  also  for  the  temporary  rehei 
of  patients  who  wi8h  to  get  into  condition  to  have  the  Gasserian  operation  done. 


3.  Intracranial  Procedures  for  Tic  Douloureux 

It  is  generally  conceded,  even  by  those  who  are  enthusiastic  about  the  alcohol  in* 
jection  treatment,  that  the  only  sure  and  permanent  relief  from  tic  douloureui  li^  ^ 
a  properly  performed  intracranial  operation  upon  the  Gasserian  ganglion  or  its  pos- 
terior  root. 
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1i.Bay  autbors  and  the  profesaion  at  larg^  who  constantl;  refer  to  the  gteut  danger 
and  high  inortali1y  of  thia  operation,  have  gained  their  entirely  erroneous  impreseiona 
froni  the  Btatistica  mada  up  before  the  operation  had  been  brought  to  ils  preaent  high 
stagc  of  perfection. 

Frazier,  quoting  230  cases  reported  \>j  Horslef,  Lezer,  DSllinger,  Cnahing  and  faim- 
self,  placea  the  mortality  at  the  astonishinglr  low  figure  of  3.7  per  cent.  Moreover, 
since  the  technic  has  been  improved,  injur;  to  the  e^e,  either  motor  or  trophic,  is 
ver;  unuaual,  and  the  sequelie  resulting  from  traumatism  to  the  brain  substance  are 
almost  unknovn, 

Such  bcing  the  caae,  this  operation  must  be  removed  from  the  category  of 
extrahazarclous  procedurea  vhen  properlj  performed.  Thia  removes  the  chief 
prop  from  the  support  of  those  who  advocate  the  trial  of  the  varioue  teraporiz- 
ing  measures  until  such  tirne  aa  the  sufferer  haa  developed  a  fixed  drug  hahit 
or  is  phyBically  exliauated  or  both.  In  spite  of  the  fact  that  this  tvpe  of  patient 
has  furnished  the  majority  of  operative  casee,  the  refinenients  of  technio  have 
reduced  the  mortalitj  to  the  very  low  figure  quotcd  ahove.  When  patients, 
properly  selected,  are  operated  upon  early  in  the  course  of  the  diseoae,  this 
mortality  will  be  stili  further  reduced  and  they  will  be  saved  an  enormous 
amount  of  imDeceBsary  suffering. 

IndicatiOBi. — A  čase  should  be  conaidered  appropriate  for  intracranial  operation 
under  the  following  couditions : 

1.  When  prompt  and  definlte  relief  haa  not  f ollowed : 

Ifeasurea  for  the  improvement  of  the  general  faealth,  eapeciallj  the  regula- 

tion  of  the  digestive  tract  and  diet; 
Proper  dental  čara  of  the  moutb,  e8pecially  with  regard  to  enamel  erosion 

and  the  prescnce  of  p^oirhea  alreolaris ; 
Appropriate  treatment  of  abnormalities  or  infectiona  witliin  the  noae  or  its 

acceaaorj  ainuaes,  which  might  be  the  cause  of  reflex  irritation. 

2.  When  the  tic  inTolves  the  ophthalmic  branch.  Thia  is  the  least  frequent  type, 
but  ia  also  the  leaat  amenable  to  an;  of  the  various  forma  of  peripheral  treatment. 

3.  When  the  tic  involves  two  of  the  brancbes  of  the  ganglion,  tbus  indicattng  a 
deep  origin  of  the  irritation. 

i.  Wheii  the  attacks  are  becoming  more  severe  and  more  frequeQt  in  spite  of 
tentative  treatment. 

5.  When,  in  borderline  casee,  satiefactorf  rdief  has  failed  to  foUow  the  use  of  one 
or  more  of  the  peripheral  fonns  of  treatment  preriousl;  outUned. 

Anatomioal  Coniidentiona. — The  lai^  aeaaoTj  and  relatiTely  srna]!  motor 
root  of  the  ganglinti  piisa  fruni  tlie  poua  forward  !w?neath  Ihe  teiitorinm  cero- 
belli,  through  a  anuill  apertiire  in  the  nttacliincut  of  the  toatorium  nt  the  iipper 
edge  of  the  petroud  bone,  and  Thoii  f<)rwnrd  and  a  tittlo  downwar(l  to  tho  cavum 
Meckelii  near  the  tip  of  the  petroua  bone.  Ucro  tli«  gauglioii  lie«  inelosed  in  a 
special  fibrous  sheutU  kiionm  aa  tho  dura  prn^^attU|d^^^vIucb  is  an  enve- 
lope  from  the  r^ulur  dura.  The  blvod  sap| 
sels  which  enter  the  gangliou  from  bon^'  * 
to  the  underlying  a 
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to  raise  it  from  its  bed.  It  gives  oflF  3  branches,  the  first  running  alongthe 
cavernous  sinus  in  intimate  relation  with  it,  and  the  third,  fourth,  and  siith 
cranial  neiTes ;  the  second  entering  the  f  oramen  rotundum ;  and  the  third  and 
largest  entering  the  foramen  ovale.  The  motor  root  does  not  enter  the  ganglion 
but  runs  beneath  it  and  out  through  the  foramen  ovale  with  the  third  branch, 
which  it  joins  soon  after  leaving  the  cranial  cavity.  AH  of  these  branches  are 
surrounded  by  eKtensions  of  the  dural  sheath  whieh  envelops  the  ganglion. 

The  depth  of  the  ganglion  from  the  surface  varies  8omewhat  with  the  shape 
of  the  skull,  being  deeper  in  broad  skulls  and  more  superficial  in  narrow  skulls. 

The  relation  of  the  middle  meningeal  artery  is  of  importance.  This  vessel  enters 
the  middle  fossa  through  the  foramen  spinosum,  which  is  quite  variable  in  its  relation 
to  the  ganglion.  It  usually  lies  extemal  to  the  ganglion.  It  may  lie  between  the 
foramen  rotundum  and  ovale,  or  it  may  lie  on  a  plane  posterior  to  the  latter,  in  wliicli 
čase  it  obseures  the  third  branch  and  also  the  posterior  root,  and  should  then  be  doubly 
ligated  and  divided. 

The  upper  branch  of  the  facial  nerve  runs  obliquely  Tipward  and  forward, 
Crossing  the  zygoma  on  a  line  running  from  the  extemal  auditory  meatus  to 
the  extemal  angular  process  of  the  frontal  bone.  This  nerve  supplies  the 
orbicularis  muscle,  the  integrity  of  which  is  so  important  in  the  prevention  of 
the  keratitis  which  is  so  apt  to  develop  with  the  sensory  and  trophie  distu^ 
bances  which  follow  the  extirpation  of  the  ganglion.  The  incision  should  be  so 
planned  as  to  avoid  injury  to  this  nerve. 

Technic GENERAL  CONSIDERATIONS. — The  methods  of  entering  the  skull 

and  the  instruments  used  have  already  been  described  in  another  section. 

A  brief  revicw  of  the  stages  leading  up  to  the  present  best  method  of  liand- 
ling  the  ganglion  itself  will  be  worth  whilc.  Upon  what  is  to  be  done  to  the 
ganglion  will  depend  largely  the  choice  as  to  the  method  of  its  exposure. 

Priniarily,  when  it  was  thought  neccssary  to  remove  the  ganglion  eomplete, 
if  a  radical  cure  was  to  be  obtained,  the  ganglion  was  exposed  by  one  of  the 
various  methods,  the  posterior  root  divided,  the  ganglion  grasped  with  a  strong 
clamp,  and,  after  division  of  the  middle  and  inferior  branches,  was  avulsed. 
This  crude  technic  resulted  frequently  in  the  incomplete  removal  of  the 
ganglion  and  in  serious  damage  to  the  cavernous  sinus  and  the  cranial  nen^es 
running  along  its  wall  in  close  proximity  to  the  ganglion.  It  was  this  tvpe  of 
operation  that  gave  such  a  bad  reputation  for  danger,  mortality,  and  serious 
complications  to  the  intracranial  method  of  relief  for  tic  douloureux.  The 
prcjudice  so  originated  bas  remained  firmly  fixed  in  the  mind  of  the  profession 
to  this  dav,  in  spite  of  the  immensely  improved  results  which  refinements  m 
technic  havo  demonstrated  in  a  large  series  of  cases. 

Later  it  was  noted  that  pain  in  the  ophthalmic  branch  wa8  unusual  and,  ^' 
asmuch  as  the  diflficulties  and  dangers  of  the  operation  were  chiefly  related  to 
the  removal  of  this  branch,  the  procedure  \vas  simplified  by  removing  onlv  the 
second  and  third  branches  with  the  corresponding  part  of  the  ganglion.    This 
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technic  gave  as  mueh  relief  from  pain  and,  in  the  avoidance  of  operative 
difficiilties  and  dangerous  sequelEe,  waB  iiifinitely  Buperior. 

Then  Spiller  demonstrated  that  division  of  the  poaterior  root  of  the  ganglion 
would  cause  permaneiit  degeneration  of  the  senaorj  portion  between  the  ganglion 
and  the  pons.  In  1901  Frazier  first  applied  thia  niodification  of  the  technic 
and  divided  the  posterior  root  instead  of  attempting  to  remove  the  ganglion. 
Varioua  operatora  now  espose  the  poaterior  root,  pasa  a  small  hook  beneath  it, 
and  a^iilse  the  root  from  tbe  pona,  leaving  it  or  exciaing  it  just  proximal  to  the 
ganglion.  There  are  objectiona  to  thia  procesa  of  avulsion.  It  has  been  demon- 
strated repeatedly  that  aimple  section  of  a  poaterior  aensorj  root  between  its 
ganglion  and  tbe  central  nervous  8yBtem  caiisea  permanent  degeneration  and 
losa  of  function  of  the  divided  nervea.  Thia  holda  trne,  not  only  of  the  spiual, 
biit  aiso  of  the  fifth  and  aeventh  cranial  nerves.  If  aimple  aection  of  the  root 
will  cause  permanent  relief  from  pain,  whicli  it  has  repeatedly  done,  there  can 
be  no  valid  reason  for  the  added  traumatiam  caused  by  avulsing  the  root  with 
the  chance  of  caueing  auperficial  hemorrhage  on  or  in  the  pons. 

No  casea  have  been  reported  in  which  simptoma  of  damage  to  tbe  pona 
have  followed  avulsion  of  the  root,  so  poBaibly  thia  objection  is  chiefly  theoreti- 
cal.  Nevertheless,  the  aurgical  maxim  should  hold,  "gain  the  required  result 
with  the  least  amount  of  traumatism." 

Another  conaideration  is  of  real  aignificance.  The  motor  root  of  the  ganglion  is 
amaller  than  the  senaorj  and  ia  covered  by  it,  eo  that  it  is  practicallj'  impossible  in  moat 
paaes  to  aeparate  them  and  divide  only  the  aensorj  root.  In  arulaing  the  root  the 
motor  is  tom  ava?  with  the  aeneor;  portion  and  ptermanent  paral^sia  of  the  musclea 
of  mastication  reaulta,  including  the  temporal  on  the  side  of  operation.  Thia  eauaea 
not  on1y  dcfective  jaw  action,  but  also  inarki?d  deformitj  reaulting  from  atrophf  of 
temporal  muacle. 

If,  on  the  other  hand,  the  aenaoij  and  motor  roota  are  simpljr  divided  prozimal 
to  the  ganglion.  the  aensorj  root  undergoea  permanent  degeneration  with  losa  of  func- 
tion, while  the  motor  root,  being  divided  distal  to  its  trophic  center,  vrhich  lies  in  the 
central  sistem,  vili  undergo  regeneration  vrith  retum  of  function  after  several  montha. 
This  Bequence  of  events  has  fo11owed  this  technic  in  2  cases  in  my  hands,  and  haa 
alao  followed  in  the  aevrnth  nerve  čase  reported  elsewhere. 

Therefore,  the  eimpleat  and  best  technic  lies  in  exposiire  of  the  combined  roots 
of  the  ganglion,  followed  hy  aimple  aection,  leaving  the  cut  enda  approzimated  ao  aa 
to  favor  motor  regeneration.  In  the  verj  small  percentage  of  cases  in  vrhich  the 
aensory  root  can  be  separated  from  the  motor  root  and  alone  divided,  this,  of  couree, 
should  be  done. 

Another  advantage  of  the  root  section  method  lies  in  the  ahnost  complete  elimina- 
tion  of  danger  to  the  cavemous  sinus  and  the  third,  fourth  and  sixth  nerves,  and  the 
^reat  eaving  in  tiinc  of  operation,  a<>  the  rtmoval  of  the  ganglion  vae  alwuj's  the  most 
blood;  and  tedioua  part  of  tbo  procedure. 

For  the  pnrpoae  (^ jfidMHH^Wjfr^mrly  so  largc  an  oponin^  in  the  aknll 
is  neccssary.    Th«  J^ 
tbe  Hartley-Kei 
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Por  the  extii-patioii  of  the  ganglion  it  gives  verv  8atisfactory  resnlts.  The  odc 
objection  lies  in  the  wide  csposvire  o£  the  brain  oortex  to  pressure  by  the  re- 
tractora,  although  trouble  from  this  source  almoet  never  occurred  in  the  hands  of 
Dr.  Hartlev.    The  method  is  deacribed  elsewhere. 

For  the  root  operation  the  aiiriculotemporal  exp08ure,  as  deacribed  by 
Prazier.  and  the  infratemporal  exp03ure,  as  deacribed  by  Cushing',  are  un- 
doubtedly  the  beat. 

THE  8PILLER-FBAZ1EB  METHOD  (DIVISION  OF  THE  8EN80KT  BOOT  BT 
THE  AUBICULOTEMPOBAL  BOUTE).— Erom  1/j  hour  to  1  hour  before  operation 
the  patient  is  given  morphin,  gr.  1/6, 
and  atropin,  gr.  1/100.  Nitrous- 
oxid-ethcr  anesthesia  is  indiiced,  the 
patient  placed  in  the  sittiitg  poature. 
and  a  horse-shoe-ahaped  flap  made, 
beginning  at  the  middie  of  the  zygo- 
ma  and  ending  bebind  and  a  little 
below  the  helix  of  the  ear.  The  nius- 
culocutaneons  flap  is  refleeted,  and 
bone  over  an  area  3  cm.  in  dianieter 
ia  removed.  The  center  of  this  hole 
ivill  be  about  on  the  level  of  the  en- 
trance  of  the  posterior  root  into  the 
ganglion.  This  opening  ia  enlarged 
downward  by  the  rongeur  as  far  as 
the  infratemporal  crest,  which  is  on 
a  Icvel  with  the  base  of  the  sbull. 
The  dura  is  soparated  from  the  base 
of  the  fossa  and  from  the  anterior 
surface  of  tlie  petroiia  bone.  l\Tien 
tho  niiddle  meningeal  artery,  coniing 
np  throngh  tlie  foramen  spinosuin,  is 
oncountered,  it  is  Hgatcd  and  divided. 
Instead  of  using  the  ordinary  liga- 
tiire,  I  have  foiiiid  the  silvcr  clip  devised  by  Cushiiig  more  convenient  for  the 
occIusioD  of  this  vesscl.  Elevatiou  of  the  dura  fiir  a  slight  dtstance  fnrther 
toward  tlie  median  line  will  expose  the  region  of  the  ganglion  as  it  liea  sur- 
rouiidpd  bv  ita  diiral  envelope  in  the  cavimi  lleekolii  near  the  inner  end  of  the 
l>ctrous  Ume.  Tlie  infcrior  dental  branch  is  casilv  identified  as  it  nina  throu^ 
the  foramrn  ovuIp.  Jiiat  in  front  of  this  branch  tho  dnrnl  sheath  ia  inciacd  and 
f  he  incision  is  carricd  backivard  ovor  the  npper  surface  of  tlie  ganglion  until  the 
posterior  root  is  cxposed.  Ono  ran  iisnallv  soe  the  small  foramen  throngji  which 
tlie  root  croases  tho  ridge  of  the  petrous  bone  to  pasa  beneath  the  tentorium  to 
tho  pons. 

"The  root  is  gently  hooked  np  and  divided  with  scisaors,  or  it  may  be  avuleed. 


Fiu.  42. 

GAtMERiAN  Ganulion  (1).  1.  Musculouutancous 
flnp;  2,  ukuU  trephined;  3,  dura.       (Aft«r    Fra- 
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For  rcaaoiis  previouslj'  given,  the  stmplo  division  is  miich  to  be  prefcrred.  The 
iiiotur  rinit  bIioiiIiI  be  avoided  wlieii  possible.  Diiriiif;  the  i-iiiir!«'  of  the  opera- 
tioii  heniiirrhiige  ia  controlled  b_y  meaus  of  narrovv  stripa  of  gauze  pasaed  in  on 
oithor  side  beiieutli  tlie  elevated  dura>  in  auch  a  maiiner  as  not  to  interfere  with 
operative  progress. 

\Vlien  the  sensorj-  root  has  been  divided,  the  anesthetic  can  be  stopped,  be- 


Fia.  43.^ADRicuLOTEMi>oitAl.ArpliOACBTOTH>GABeER]ANGANaLioN(2).    1,  2,  and  3  KT«  the  samea« 
in  Fuc-  43:  4,  middle  mciiingealarUrv  ooiningup  throughtonuDeDBpiDoaum  withaluiaturecaiiiOT 

pasiicd  around  it.      (Afler  Fralicr.) 

cause  tlie  operative  field  has  now  been  rendered  iusensitivc.  The  wound  is  care- 
fiillv  closed  by  siiture  in  lajera,  using  catgut  for  the  deeper  stnicturea  and  ailk 
for  the  skin.  Frazier  advises  a  nibber  tissiic  drain  for  2+  hours  in  the  posterior 
angle  of  the  wound,  but  my  ezperience  vithout  any  drainage  wou]d  indicate 
that  it  is  not  neeeaaarj,  aa  a  ml& 

Wben  the  paii''iil  ii.i!<  rfvovfred  i'ons*Moiisiie«s  the  rellcses  mid  sionsation  in 
the  operated  sidc  of  the  faeo  ahould  bg  testfld  to  see  if  ali  of  thi-  srnsorv  root 
has  been  divided. 


The  eye  on  ti r"' 

about  A  week.  If,  h\  ••• 
has  bocn  puraljietl,  'ln' 
of  tirne  until  the  t>rbiciilam 
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The  protection  may  consist  of  gauze  pads  wruDg  out  of  boric  acid  solution, 
or  of  an  automobile  goggle,  which  gives  protectioa  and  at  the  same  tirne  allowa 
free  inspection  of  tlie  eye. 

THE  CU8HING  OPERATION  (INPBATEMPORAL). — The  incision  runs  from 
the  temporal  root  of  the  zvgoma  (slightly  in  front  of  the  ear)  iipward  and  then 
forward,  bo  tbat  the  vertex  of  the  incision  is  at  or  slightl^  above  the  level  of  the 
upper  bordcr  of  the  pinna,  and  then  forward  and  dowiiward,  terminating  at 


Fio.  «.— AoB 
43;  5,  ner 


least  1  cni.  from  the  postcrior  bonler  of  the  frontal  procesa  of  the  malar  bone. 
Tliis  modification  of  the  original  incision  and  its  tcniiiiiution  at  tbe  above  point 
are  designcd  to  avoid  injiirv  to  tlic  npper  twigs  of  the  facial  ncrve  which  supplj 
the  frontalis  and  the  orbicnhiris.  This  akin  flap  ia  rctlectcd  until  the  zygonia 
is  well  exposed.  Siibperi<isteal  resection  of  the  zvgoma  is  done,  avoiding  injiiry 
to  the  branchcs  of  the  fat-ial  nerve  as  thev  cross  the  zvgoma.  Incision  JB  thm 
made  throiiph  tlir  temporal  fascia  and  muscic  concentric  with,  but  sli^tlj 
within,  the  skin  incision,  dowii  to  the  bone.  The  mnscle  flap  is  elevated  fnai 
tlio  bone,  tn  which  it  is  Init  looselv  attiichc<I,  and  retracted  downw8rd  into  &il 
space  previouslv  otrcnpicd  by  the  zvgonui. 

The  bone  is  trephined  and  tlic  hole  cnhirged  by  rougour  to  a  div 
about  3  cm.,  with  the  ]ower  edge  at  or  involving  the  infratemporal  o 
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dura  is  tliua  exposed  with  tlie  middle  meningeal  artery  ninntng  acrosa  the  hole 
obliqiiely  upward  and  forward  from  its  entraiice  iiito  the  skull  through  the  fora- 
meu  spinoauni  to  the  arterial  siilciis  in  the  antcrior  inferinr  angle  of  the  parietal 
bone. 

With  a  bhint  elcvator  tlie  dura  beneath  the  arterial  arch  is  raised  from  the 
bone,  and  a  short  distance  inward  the  infra- 
masillar^  brauch  of  the  ganglion  is  expo8ed  ss 
it  passes  into  the  foramen  ovale.  Further  ele- 
vation  of  the  dura  forward  expoaes  the  second 
braneh  enteriug  tlie  foramen  rotundum.  Be- 
tvvecn  the  2  the  dural  envelope  of  ganglion  is 
eaBily  incised,  and  tliis  incision  is  carried  hack- 
ward  along  the  upper  aiirface  of  the  ganglion 
imtil  the  posterior  root  is  expoBed.  The  poa- 
terior  root  niay  thcn  be  either  avulsed  or  sim- 
ply  divided,  according  to  the  preference  of  the 
operator,  avoiding  injurv  to  the  motor  root 
when  it  is  possibic  to  isolate  it.  Hemorrhage 
is  controiled  as  in  the  previoua  operation. 

The  wound  is  most  carefiillj  closed  with 
layer  sutures,  Cushing  using  fine  silk,  while 
most  operatorg  prefer  absorbable  catgut,  except 
for  the  skiu  suture. 


FlO.    47. —  iNFRATEliPOIIAL  ApPHO*CH 
TO  THE  GaRSEBIAM  GaNGLION  (3). 

Aftcr  com  plete  Bectiou  of  the  pos- 
terior root  of  thi?  KanglioD  there 
will  bo  an  uren  of  completc  an- 
eatluiaiu,  indicated  by  thi-  obligue 
lincs,  and,  al  i(«  [loslprior  border, 
an  irrcpular  ariin  of  incomplete 
anesthetiiH  indicatM)  by  thn  stip- 
plcd  area.      lAfter  Cusbing.) 


When  the  posterior  root  haa  been  com- 
pletclv  divided,  tlicre  is  total  loss  of  seiisation 
in  the  peripheral  field  of  the  correspondiH^ 
ganglion,  except  for  a  niirrow,  irregiihir  zone 
at  its  posterior  and  infcrior  bordera  where  tho 

fibers  of  the  upper  cervical  nervee  overlap  those  of  the  fifth  nerve  and  maintain 

some  3ensibility  {Fig.  47). 

Whon  tlie  motor  root  has  also  been  divided.  aa  is  ufl«ally  the  cape,  therc  is  paral^sis 
of  the  nuiselps  of  miiaticntion,  of  which  the  teraporal  is  the  most  obvioiis,  If  tho  root 
hns  been  Jivulsed,  the  parHly8is  wiH  be  pennnnent  and  tberc  will  bo  ranrked  atroph,v 
of  the  parnlj-sicd  mviscles,  If,  on  the  other  hand,  the  root  hiis  simply  been  ihvided  and 
tho  eiids  left  in  iipproxiniation,  it  will,  in  miiiij  caaea,  regenerate  and  give  retum  of 
function  in  the  piiraljzed  muacles  in  from  6  to  12  montha. 


The  skin  sutures  are  reniovcd  in  from  It  to  "i  davs;  the  patient  ia  alIowed  to 
sit  np  as  soon  after  .'i  davs  as  his  condition  will  permit,  and  may  leave  the  ho*- 
pital  anv  tirne  aftor  a  week. 

Advantages  of  Posterior  Koot  Section,— By  tlio  use  of  this  metbod  of 
root  section,  prai-tirally  ali  of  the  diffieultios,  dangere  and  oomplicationB  o^ 
operation  of  exeision  of  the  Oasaerian  Kanglion  are  avoided.     DistuifaK 
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cye  on  tlio  operated  Eide  are  lesa  frequeiit  in  occurrence  and  lesa  srvere  whcn  thcy  do 
Ofcur.  This  is  believed  by  Spiller  to  be  due  to  the  favorablc  trophic  iiifluence  of  tho 
Kiiiiglioik  vhich  ia  left  in  situ.  The  brain  is  retracted  much  lesa,  ao  there  ia  littlc  like- 
lihood  of  disturbaiice  of  ita  function.  Failure  to  obtain  relipf  muat  bo  dne  to  either 
nuHsinR  tho  posterior  root  or  not  completelj  dividing  it.  In  either  caae  there  win  not 
be  the  t3'pic!il  coniplele  aneathesia  of  the  face  on  the  operated  aido  which  ia  ueuaL 
Only  in  rarc  casea  \vill  hcmorrhage  bc  auch  aa  to  neeesaitate  a  two-atagc  operation. 

B«snlts. — Complete  aection  of  the  posterior  root  gives  permanent  relief  from 
the  pain  and  ciiuscs  pertnanent  losa  of  seosation  in  the  Held  supplied  b.v  the 
fifth  root,  except  for  a  sHght  increase  of  fiinction  previonBly  raentioned,  wLich 
Bometiiiics  uppcara  after  a  niimber  of  montlis  iii  the  iipper  cervical  nerves. 

\Vhen  the  motor  root  is  pennanently  paralyzed,  there  appcars  a  marked 
atrophv  of  the  imiscles  of  masticatiou,  of  which  the  temporal  is  eapecial!y  notice- 
able,  The  zvgoma  stands  out  very  prominently  and  accents  the  defomiity  due 
to  the  atrophv.  For  this  reason,  Cushing  does  aubperioateal  reaection  of  the 
zvgoma  and  discarda  it.  Ae  a  reault,  he  reports  that  the  muscular  atrophy 
causes  a  iiiiich  less  noticeable  deformity, 

The  eve  on  tho  operated  side  is  apt  to  bo  senaitive  to  atrong  vinds  or  to  cold, 
and  the  patients  oftcn  complain  that  that  aide  of  the  face  feela  boardlike.  Nev- 
ertheleaa,  they  repain  their  wcight  and  color  and  aro  again  able  to  take  up  their 
propcr  duties  in  life  imlees  a  fixed  opiuin  habit  preventa. 

BEVEMTH  OBAmAIi  NEBVE 

Lidicationt. — Siirgical  interference  is  directed  toward  the  seventh  eranial 
nerve  for  .'I  ditfcrpnt  tvpes  of  disturbance : 

1.  Facial  apasm. 

2.  Eacial  paraly3i8. 

3.  Xeuralgia  of  the  sen8ory  portion  of  the  nerve. 

Anatomical  Considerations. — For  the  sako  of  brcvitv,  the  seventh  and  eighth 
nerves  and  the  para  intermedia  will  ali  be  eonsidered  together,  Super- 
ficially  thev  arise  from  the  iipper  part  of  tho  mediilla,  extomal  to  the  olivarv 
body  and  pass  forward  and  ontward  and  alightlv  upward  to  the  intcrnai  aiidi- 
tory  meatiis,  which  is  in  the  posterior  snrface  of  the  petmus  bone  aboiit  %  of 
the  way  in  toward  ita  tip.  This  meatua  Hea  alniost  dire<;tly  above  tho  posterior 
lacerated  foramen,  tbrough  which  paas  the  nintli,  tenth,  and  cleventh  cranial 
nerves.  Tbia  close  relation  of  the  2  foramina  and  the  2  sets  of  ner\'es  mav  bo 
confusing  in  an  operative  field  often  obscnred  by  hcniorrbage. 

As  thev  enter  the  intornal  nieatuH,  the  seventh  lics  above  the  oighth,  with 
the  pura  intennedia  hetween  the  two  (Fig.  48).  .\t  the  depth  of  the  internal 
auditorv  canal  iJio  seventksofOTS  the  aquedni<tus  Fallopii,  alon^;  \vhifh  it  p!is.4i's 

ontward  to  thogeiuadriBjk^flfa^Ttthen  piisHCH  iibni]itly  bai'h <  - 

inuer  wa]1  of  dl^^^^^^^^^^^^Bftfc.|tbove  th<-  fcnestra  n\ 
straight  doVDj^^^^^^^^^^^^^^BMltiou  to  the 
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from  wliich  it  passes  downward  and  forward,  crossing  the  styloid  procesa 
obliquely  on  ite  outer  surface,  to  enter  the  parotid  gland,  just  before  doing 
wbich  it  divides  into  its  2  main  braticlies. 

The  landmark  for  locating  the  exit  of  the  nerve  is  the  receding  angle  bo- 
tween  the  anterior  border  o£  the  mastoid  and  the  posterior  border  of  the  vaginsiA 
procesa  of  the  temporal  bone,  which  lies  just  below  the  boiiy  eztemal  meatLms- 
At  a  s1ightly  greater  depth  th^Ek. 
theee  bony  processes  lies  the  upp^  čr- 
pali; of  the  8tyloid  process,  bebiKicS 
the  base  of  which,  and  at  a  alightl^r 
higher  leve!  than  the  receding  hoKk.^^ 
angle  previously  mentioned,  is  th.^ 
stylomastoid  foraraen,  from  wbi<3Ki 
the  nerve  makea  ite  esit, 

The  para  intermedia  runs  ou*^ 
wa'rd  in  the  eqiieductus  Fallopii  "fc« 
the  geniculate  ganglion,  into  whi.<7l 
ita  fibers  enter.  From  this  ganglio  v 
communicating  fibers  paas  forwaz-<3., 
H^r"  /^         ^ — "^''^^i    ^'V  ""^^  others  pass  outward  to  snppl^ 

^m         j^^^  ^^^  sensation  to  part  of  the  tympan  i« 

^        .^^     ^^^  ^^         meinbrane  and  a  portion  of  the  «?^' 

temal  aiiditorv  meatua.  This  ner"*^* 
and  ganglion  are  now  pretty  »r^H 
proved  to  be  the  8enBory  portion  <=»^ 
the  seventh  cranial  nerve  and  n^^J 
be  the  scat  of  verv  severe  neiiral^  i  **■ 
qiiite  comparable  to  that  in  the  fi.f"*^'' 
nerve,  as  wiil  be  aeen  later. 
The  eighth  nerve  pattses  iiito  the  int«rual  meatiis,  and  at  the  end  of  the  i  i- 
temal  aiiditory  canal  sends  ita  terminal  branches  throngh  the  varioua  foranni"* 
in  the  lamina  cribroaa  to  the  striictiires  of  the  internal  ear.  The  eighth  ne"«""v-e 
leaves  the  mediilla  in  the  form  of  a  nnmber  of  small  fasciculi,  which  run  **" 
gether  just  before  thev  rcach  the  internal  meatus. 

In  a  eertain  numbcr  of  cascs  the  Boventh  and  pars  intermedia  may  be  nee»  f^>' 
conecaled  by  the  eighth,  which  roceivcs  theni  in  a  groove  in  ita  upper  mes«*' 
border.  It  mav  then  be  difficiilt  or 
of  operation. 


Fta.  46. — RBLATiom  of  ibe  Facial  Nerve,  1, 
Auditory  nerve;  2,  cocbleor  brsnch:  3.  vestibu- 
lor  branch;  4.  [ariBl  nerve:  h.  nerve  o(  Wrisberg 
or  pars  inlemiedia.     ThU  ahova  hov  Ihe  facial 


le  to  aeparate  them  for  the  purpos«^ 


Operation  for  Faciai.  Spasm 

For  faciai  epasm  there  are  2  methotls  of  aurgipal  treatment; 

1.  The  injootion  of  alcohol  into  the  truiik  of  the  nerve. 

2.  Trnnsverso  swtion  of  the  nerve  and  the  anaatomosis  of  ite  distal  Btump  inW  * 
neighboring  motor  nerve. 
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Alcohol  Injection. — For  the  alcohol  injection  the  same  instruments  are  used 
as  were  deseribed  in  the  čase  of  the  fifth  nerve. 

The  stilettcd  needle  is  piished  through  the  skin  just  below  the  receding 
angle  between  the  anterior  border  of  the  mastoid  and  the  posterior  border  of 
the  vaginal  process,  which  was  described  above,  and  earried  straight  in  in  the 
sagittal  plane  for  from  1  to  2  cm.,  according  to  the  size  and  shape  of  the  skull 
and  the  amount  of  siiperficial  fat.  At  from  1  to  2  cm.  depth  the  styloid  process 
shoiild  be  sought  with  the  point  of  the  needle,  and  when  foiind,  the  needle  should 
be  worked  up  and  down  for  a  short  distance  in  the  hope  of  striking  the  main 
tnmk  of  the  nerve,  which  crosses  the  styloid  process  obliquely  at  about  this 
level.  If  the  point  of  the  needle  pierces  the  nerve,  there  will  be  a  spasm  of  the 
face  on  the  same  side,  and  the  alcohol  may  be  injected  at  once  (0.5  to  1  c.  c — 
50  per  cent.).  If  the  needle  does  not  locate  the  nen^e  at  this  level,  its  point 
must  be  made  to  follow  up  the  styloid  process  to  its  base,  and  then,  by  a  slight 
displacement  backward,  it  can  be  inserted  into  the  stylomastoid  foramen,  when 
the  nerve  can  be  easily  located  and  injected, 

When  the  nerve  has  been  injected  there  follovvs  immediate  paralysis  of 
the  same  side  of  the  face,  which  lasts  for  a  varying  period  of  time  (a  few 
weeks  up  to  several  months).  When  the  nerve  regenerates,  voluntary  mo- 
tion  usually  returns  without  the  presence  of  the  spasm,  which  may  never 
again  develop.  It  may,  hovvever,  recur  a  few  months  after  the  appearance 
of  voluntary  motion,  or  may  accompany  the  return  of  voluntary  motion  in 
a  modified  degree.  The  injection  may  be  repeated  from  time  to  time  if 
necessary. 

Facial  tic,  as  contrasted  with  facial  spasm,  is  a  habit  grimace,  a  physiologic 
perversion,  and  can  usually  be  corrected  by  proper  educational  measures.  In 
severe  cases  of  even  this  type  the  alcohol  injection  may  be  given  in  order  to  give 
temporary  relief  from  the  habit  and  to  give  the  patient  a  better  opportunity  to 
regain  control  of  the  muscle  groups  as  volimtary  power  returns  with  the  regen- 
cration  of  the  nerve. 


Section  of  the  Facial  Nerve  and  Anastomosis  with  a  Motor  Nerve. — When  the 
injection  of  alcohol  has  failed  to  give  8ati8factory  relief  from  facial  spasm,  sec- 
tion of  the  facial  nerve  at  its  exit  from  the  stjlomastoid  foramen,  followed  by  anas- 
tomosis with  a  neighboring  motor  nerve,  should  be  done.  Natiiralljr,  only  those 
patients  suffering  from  a  severe  and  iincontroUable  facial  spasm  would  consider  this 
radical  treatment. 


This  method  removee  the  control  of  the  facial  muscles  from  a  perverted  set 
of  cortical  cells  and  gives  H  to  a  ^  oella,  reached  through  the  nerve 

with  which  the  facial  ia:MIMiiiiil  the  period  of  paralysis  gives 

the  muscles  a  prp 

The  technio  inder  the  treatment  of 

facial  paraljria 
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Opebation  for  Facial  Pabaltsis 

Facial  paraljsis  may  rcsiilt  f rom  a  lesion  in  the  central  8ystem,  f rom  a  lesion 
of  the  periphcral  portion  of  the  nerve  between  the  mediilla  and  the  stvloraastoid 
forainen,  and  f  rom  a  lesion  of  the  peripheral  portion  of  the  nerve  distal  to  the 
foramen. 

In  this  last  čase,  if  the  paralysis  is  the  result  of  a  štab  or  giinshot  wound, 
the  wound  slumld  be  enlarged,  the  ends  of  the  nerve  identified,  freshened,  an<l 
united  by  end-to-cnd  siiture.    When  the  lesion  involves  the  main  trunk  or  the 
two  priniarv  branches  of  the  nerve,  this  procedure  may  not  be  hopelesslv  difi- 
cult,  but  wlien  the  lesion  involves  the  pes  anserinus,  there  is  little  likelihood  of 
siiccess,  and  the  most  one  can  do  is  to  avoid  infection  in  the  woiind  and  thiis 
favor  prompt  healing  with  a  chance  of  spontaneous  union  of  the  divided  fibers- 

Where  the  paralysis  results  from  infection  or  new  growth  in  the  parotid, 
there  is  nothing  to  do  beyond  the  ordinary  surgical  treatment  of  the  primary 
condition. 

Anastomosis  of  the  Peripheral  Portion  of  the  Nerve  witli  a  Neighboring  Hot9^ 
Nerve. — In  paralvsis  resulting  from  lesions  proximal  to  the  styloma8toid  fortm.- 
men,  relief  may  be  had  by  anastomosing  the  peripheral  portion  of  the  facial  witl^ 
some  neighboring  motor  nerve.  As  this  operation  is  done  largely  for  cosmeti^^ 
reasons,  and  as  the  results  are  not  fully  developed  for  2  year8  or  more  aftef"* 
operation,  it  should  not  be  done  in  cases  where  the  expectation  of  life  is  sho 
or  where  the  general  health  is  so  affected  as  to  add  greatly  to  the  risk  of  ope 
tion.  In  cases  following  mastoid  operations  the  wound  should  be  healed  and  ttm^ 
region  free  from  infection  before  the  nerve  work  is  attempted. 

In  cases  whero  these  contra-indications  are  absent,  operation  should  bedormc 
as  soon  as  it  is  evident  that  spontaneous  regeneration  and  return  of  functio^ 
will  not  occur.     The  determination  of  this  factor  is  stili  the  chief  bone  of  c(>"ki- 
tention.     Some  are  so  conservative  that  they  insist  on  waiting  2  year8  becatts« 
an  occasional  čase  has  been  reported  in  which  some  spontaneous  return  of  poirc?r 
has  occurred  aftcr  this  interval.    This,  however,  is  not  the  rule.     Others  advis€ 
1  year  and  those  \vlio  are  called  radical  are  willing  to  operate  after  6  month^ 
from  the  onset  of  paralvsis  if  no  spontaneous  return  of  power  has  occurrea. 
Between  these  different  periods  one  must  choose,  and  the  surgeon  should  aIway:J 
associate  a  competent  neurologist  with  him  in  the  decision  of  this  question.    I^ 
the  reaction  of  dcireneration  persists  in  the  paralyzed  muscles  up  to  6  months, 
it  is  more  than  likelv  that  spontaneous  regeneration  will  not  occur.    Some  men 
feel  that  if  no  regeneration  has  occurred  at  the  end  of  3  months  and  the  reaction 
of  degeneration  stili  persists,  operation  may  be  advised  at  once.     It  must  w 
remembercd  that,  on  general  principles,  the  earlier  the  operation  is  done  after 
paralvsis,  the  better  is  the  prognosis.    The  čare  of  the  paralvzed  muscles  befort 
and  after  operation  should  follow  the  principles  laid  down  in  another  section- 

Spontaneous  regeneration  is  less  likelv  to  occur  when  the  nerve  trunk  has 
been  completely  divided,  as  by  gunshot,  or  chisel  during  mastoid  operation,  ctc, 
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tliaii  wlien  It  is  simply  involved  in  a  non-suppurative  inflanimation,  as  in  BelTa 
palav,  SM)  tlmt  in  the  formcv  eases  operation  woiild  bc  jiistificd  at  an  earlier 
period. 

Tlie  two  ner\'cs  to  clioosc  betwcen  for  the  anastnninsis  are  tlie  apinal  acccs- 
sory  aiiil  the  hvpoglossal.  The  spinal  accessor^  was  first  used,  but  the  niajority 
of  later  operator«  have  chosen 
the  li,vpoglo3sal  becaiiae  of  the 
moro  intimate  asaociation  of 
the  cortical  centers,  the  spinal 
C  e  n  t  e  r  8,  and  the  peripheral 
luuscie  gronps  of  the  facial  and 
livpoploaaal  neires  (Fig.  49). 

METH0D8  OF  AXASTOMOSIS. 
— Two  niethoda  of  iiiiastoinosis 
liiive  been  nsed ;  one  a  lateral 
slit  in  the  hvpoglossal  with  im- 
plantation  of  the  peripheral 
fiturap  of  the  facial.  The  other 
partial  or  complete  transverse 
sectioii  of  the  hjpoglossal  with 
end-to-end  sntnre  bctween  the 
peripheral  end  of  the  facial  and 
the  central  end  of  the  hypo- 
glossal  ner\-e3.  The  opinion  of 
the  niajorit}'  favors  the  second 
metlioti  hecanae  of  the  belief 
tliat  regeneration  in  the  facial 
ner\-e  is  more  proinpt  and  more 
complete.  This  method  causes 
complete  permanent  paraljsia 
in  the  innsclea  anpplied  by  the 
portion  of  hypogloa8al  divided. 

The  paticnts  sooii  leam  to  accommodate  themaelves  to  this  loas  of  hvpogloaaal 
power  and  do  not  suifer  much  discomfort.  It  haa  It^en  advised  that  the  distal 
portion  of  the  hypoglo8sal  ncrve  ao  divided  ahoiild  be  implnnted  into  one  of  the 
neighboring  cervical  roots.  My  own  caaea,  12  in  nnraber,  ha^e  been  done 
by  the  kteral  implantation  method,  and  the  rcaidts,  as  far  as  indicate<l 
h_v  thp  publishfd  pictlirca,  coniparc  verv  favoniblv  with  tliiitu.'  doiic  by  tho 
transverse  aertion  methnd,  and  tbere  is  le&s  permanent  distiirbance  of  the 
hvpoglossal 

TECRNIC. — FAai0aaaS9|^B^^bKWtOSIs.— 'Die  opemtion  involves  Ul6 

fullowiitg  stepN  

ner\-e;  (3)  tlie  cvpotU^^^^mH^^^^HoKC ;  (i)  tht>  implantatioi 
the  closiire  of  tllB 


Fio.  49. — ScBBMA   Showino   Rei^tionb 
Mbdolla. 


COBTIX     AND 

obvioua  that  the  vii  and  lii  ure  much 
BHBOeialed  than  vii  sod  li. 
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1.  I ncisiov.— The  patient  is  etherized;  a  firm  cushion  is  placed  behind 
tbe  head  and  iieck ;  the  head  is  tiimed  slightly  to  the  opposite  side  and  estended 
a  little  upon  the  iieck;  the  operative  field  ia  thoroughly  cleansed.  The  incision 
involving  tho  skin  and  sitbciitaneoiia  tiasues  passes  along  the  anterior  margin  of 
the  mastoid  procesa  and  tbe  stemomastoid  uiitsele  for  about  5  cm.  (2  in.),  stut- 
ing  at  the  level  of  the  exteriial  aiiditorv  nieatns.  The  teinpnrofacial  veins  id»v 
or  may  not  be  distiirbed, 

S.  laolation  and  Seclion  of  FaciaJ  Nervfl. — The  deep  fascia  18  divided  in 
the  same  line.  with  speeial  etn 
to  keep  close  to  tVie  anterior  ^K)^ 
der  of  the  mastnid  procesa  to 
avoid  daniage  to  the  parotid 
gland.  This  gland,  oovered  h 
il9  capsiile,  is  separoted  frora  tbe 
mastoid  bv  an  elevator  and  heU 
forward  by  a  hinnt  retractor,  a- 
posing  the  posterior  hellv  of  tbe 
digaatric  muacie,  which  is  tlien 
pidled  downward  and  backvnrd. 
\Vhen  the  digastric  is  la^  it 
inay  be  necessarv  to  divide  iti 
iipper  border  traiiaverselj  to  iti 
l')ug  axi8  to  al]ow  tbe  retractor 
to  give  a  proper  esposure  of  tlie 
field. 

,  The  index  finger,  puahed  into 
the  depth  of  the  wound  and 
slightly  forward.  readil,v  identi- 
fiea  the  styloid  process,  Near 
the  base  of  this  process  the  tmnl; 
of  tbe  faeial  uerve  passes  almost 
directly  forward  to  enter  the 
parotid  gland,  and  it  can  usulil.T 
be  felt  to  roll  as  a  diatiiiet  small  cord,  surrounded  bv  connective  tisaue,  betw«B 
the  finger  and  the  styloid  process  {Fig.  50).  Wbeu  tbere  ia  difficultj  ic 
identifving  it  in  this  manner,  one  abould  remeniber  that  it  emergea  fr""" 
the  Btvlomaatoid  foramen,  wbich  ia  just  behind  the  base  of  the  ^^^ 
procesa. 

Tbe  nen'e,  onee  identified,  is  enucleated  froin  the  snrroimding  oonnKti™ 
tissue,  and  ia  divided  as  far  up  the  stvlomastoid  foramen  aa  a  narrow-bla(W 
aharp  knife  will  alIow.  Usually  one  can  get  from  1  to  2  cm.  ('/^  to  1  in.)  ™ 
free  norve  trunk. 

Where  tbe  faeial  trunk  ia  veiy  ahort,  an  extra  ^/^  cm.  can  be  gotten  bj  »■ 
moving  the  outer  bony  wall  of  the  caiia!  at  the  stjloniaatoid  foramen  and  divid- 


ANu  Rei^tiohb  of  tsb  Facui. 
Nebve.  i.  Tip  or  tbe  maatoid  procesa  covered  by 
BtemoniBBtoid  muBcIe;  2,  poHtorior  belly  of  tLe 
disastric  muscle;  3,  Sl^loid  process;  4,  ritciul  ncrve 
ahovin«  iHfitreBtinn  juat  before  eiitering:  5,  parolid 
gland;  6,  prominence  of  the  tranaverse  procesa  of  the 
second  cervical  vertubra;  7.  occipitol  urttirv. 
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Facial  Nebvx  Rdnb 


ing  the  ner\'e  jiist  so  much  big^er  up.    I  have  done  thiB  several  times 

vantage.     {Figa.  51,  52,  53.) 

At  this  point  it  is  desirable  to 
prepare  the  nerve  for  tbe  final  su- 
ture.  About  14  cm.  (Vs  in.)  from 
its  free  end  2  fine  siik  sutures 
are  passed  through  the  nerve  sheatli 
on  opposite  sides  of  the  nerve,  and 
eacb  is  tied  in  a  8quare  knot.  The 
ends  are  left  long  (15  to  20  cm.,  6 
to  8  in.)  (Fig.  54).  The  nerve  end 
is  trimmcd  to  a  wedgQ  sbape  with 
a  sbarp  scalpel.  Tbe  autiirea  and 
nerves  are  protected  from  damage 
during  the  next  step. 

In  cases  in  which  the  maetoid 
has  prcviouslj  been  operated  iipon, 
the  bony  landmarks  are  often  con- 
fiiscd  and  the  scar  tiseue  intcrferee 
soinewhat  witb  tbe  easj  perfonn- 
aiice  of  tbe  first  Btage  of  tbe  opera- 
lioii.      1'inlpr    Biiph    rirciuii«tjiiicf8. 
the  incisioii  ia  »lade  t.hag  the  Ml- 
tprior  border  of    " 
of  tli.: 
M.iuA  tia 
sivlioa 
Fjo.  52,— Mall«.  tisnuc 

(the  digaatriu  muscle  and  the  ttfl 

tion  proceeds  as  befor©. 


—  Hlkndeh 

TBB     HVPO- 

a:..  and  Si-k- 
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.!.  ExpiMure  of  Hj/potjln^sal  Nerve. — The  isolation  of  tlie  h; 
neire  ie  the  umat  difficiilt  and  tedioiis  atep,  aud  involvea  wliatever  dangerthm 
is  iii  ihe  operation.  The  finger  iii  the  woiind  TPadilv  idcntiftes  the  prominent. 
smooth,  ti-aiisviTse  procesa  of  the  atlas  (Fig.  50),  Not  infretjiientlv  the  ocnipi- 
tal  artery  riins  upward  and  oiitwir(] 
acrosa  the  aiiterir>r  aiirface  of  this  promi- 
iienee.  It  shoiild  alwaY8  be  looked  iot, 
anrl  when  present,  either  displaced  oat- 
ward,  or  divideii  hetween  2  ligatuns,  u 
an  iinespected  liiviBiou  of  it  gives  ri«to 
iitiiiriviiig  hemorrhage  and  bhira  tlie  an- 
atoniical  tield. 

Lest  thpy  be  inadvertentl.v  dauiaged  in 
the  f()llowiiig  Bteps  of  the  operation.  il 
shoiild  alao  be  reraerabered  that  over  tliis 
same  transverse  procesa,  but  more  towartl 
the  median  Hue,  the  spinal  acceaaorj  nem 
ruj]8  oh]ique!y  downward  and  oiitwarJ 
(aometiniea  in  front  of,  sometimes  beblnd 
the  internal  j\igiilar  veiii),  whi]c  the  Id- 
tcrrial  jugiilar  vein  nins  vertioallv  iu  front 
of  it.  Theso  2  stnicturea  are  covered  bt 
a  Iayer  of  deep  cervica!  fascia,  throiis^ 
which  a  vertieal  incision  is  raade  os^ef 
the  outer  border  of  the  transverse  pro- 
cesa and  is  eontinued  upward  and  i<iW- 
ward  till  it  is  about  4  cm.  (I'/;  '^-^ 
long.  Througb  tbis  sHt  in  the  fas«» 
the  internal  jugiilar  vein  is  eijufif^ 
and  ia  separated  poateriorlj  by  blunl 
dissection.  The  spinal  nccessorv  ucrvt 
ahould  not  be  distiirbed  during  tbe  op*f 
atioi!,  The  fascia  aud  vein  are  ihc 
retracted  forward  and  inward  bT  > 
hhmt  retractor.  Imbedded  in  tbe  co^' 
nective  tissne  thus  expo8ed  in  ti' 
depth  of  the  woiind  are  seen  2  wliil« 
eords,  the  hypog]osBaI  and  pneiiu''" 
gastric  nerves,  with  the  internal  csi* 
tid  artery  pnlaating  just  to  their  inner  aide   (Fig.   51). 

Usiiallv  the  moro  snperficial  of  the  2  nerves  is  the  one  soiigbt.  Itmmt'* 
positivelj  identified,  however.  Mechanicat  or  electrical  Btiimilation  wil!  »a* 
its  proper  niuaelea  to  contract  ( stvloglossiis,  hvpogJossus,  geniohvoid,  gcniobjo- 
glossus,  thyrohyoid,  stemothjroid,  stemohyoid}  or  oae  niay  fol]ow  its  conW 


Fla.  64. — 8TA0ES  IN  Tbchnic  of  Facio- 
BTPoai^asAL  ANABToMtieis.  The  small 
apccisl  noidle  (Fir.  S3)  inBy  be  usud 
instead  of  the  niiillc  s)iuv,-ii  hi  the 
dratvtDKB  which  would  refiuire  a  huldcr. 
The  workin8  Kpace  in  amull  and  a  aeedle 
holder  ia  cluinBy. 
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fl]iatomical1y  downwflrd  to  the  point  wliere  it  Uirus  forward,  aroiiiid  the  oc;i-ipital 
artery  and  gives  ofT  tlie  descendens  livpoglosai  nerva 

OiicP!  Jdontified,  it  is  disaected  upvvard  till  the  stump  of  tlie  fiicial  »prve  can 
be  approxiinati'd  to  it  without  ten- 
sion,    This  miist  be  done  with  čare 
not  to  divide  the  coni  mi  m  i  ca  t  ing 

ibranchee  from  the  pneimiogastric, 
npper  gaugliou  of  the  svmpathctic 
and  the  2  upper  cervical  nervea, 
ali  of  which  are  in  tlie  immediate 
ncighborhood. 

Ji.  Implanialion, — Wliile  the 
nerve  is  eiipportcd  oa  ii  blunt  hook, 
a  longitiidinal  slit  Vs  cm,  (14  '"-) 
loiig  is  niado  well  into  tho  nerve 
triink.  A  fine,  curved  needle  is 
threaded  on  to  one  of  each  pair  of  '^  '^^- 
long  ailk  ends  previouB]y  left  tied 
to  tlio  stump  of  the  facia!  nerve. 
One  siiture  is  pasaed  through  the 
inner  and  the  other  through  the 
outer  margin  of  the  woiiiid  in  the 
h.vpoplossal  nerve.  Wlieii  the  au- 
tures  are  tied,  tiio  wedge-ahaped 
I  end  of  the  facial  ia  sniiglv  held  in 
I  the  cleft  in  the  h^vpogloasal  nerve  ' 
and  ia  UBuatly  bost  tiirned  slightl^ 
iipward  hy  means  of  a  probe,   a 

procedure  suggested  hy  Dr.  Weir.     These  siitiires  mnat  iii)t  \>e  tied  too  tightlj 
lest  they  injnro  the  liliers  of  the  hjpoglosaai  nerve,  a  few  of  which  are  flliiiost 
I  Burely  ineluded  in  their  grasp  (Fig.  B3,  B  and  C). 

If  one  elects  to  do  a  transverse  section  of  the  hjpogloasal  nerve,  in  part  or 

1  whoIe,  and  then  do  cnd-to-end  siiture,  the  site  for  transverse  section  is  choBcn 

at  a  point  sufficientlj  low  so  that  when  the  hjpogloasal  segment  is  disseeted 

I  free  npward  it  wili  allow  approxiination  l>ctween  the  ends  of  the  hypoglos8al  and 

I  facial  without  teiision  iipon  tlie  sutiires.    A  siiigli'  euturo  is  passed  tlirongh  the 

t  center  of  the  ends  of  both  nerves  and  tied  8nlBcieutly  tight  to  give  pHMl  approxi- 

mation.     \Vith  nerves  as  siuall  a^*  tlioao  It  U  .-iraivrlv  \vMrth  whik'  to  »ttempt 

I  perineural  siitnre  where  thcri'  \i . 

To  preveut  the  ingrowth  of  ■  >  jiiembraiic  is 

»■rapped  about  tho  iiervf  jiiin  i  l':u'k  In  its 

I  normal  position,  uncl  ilic- 

5.     Vlusure  o[  Ihv  U  .  ied, 

Al  ahould  bo  sutiirrd  wii  I. 


Pra.  66. — Nbrvb  Anastiimi 

8.  hVpOgloBBBl 

Dol  jueular  vpiii:  ID,  vu£Ui 


bluiit  hook;  9 
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parts  naturallj  fall  back  into  poaition.  The  akJn  is  oloaed  vith  silk  sutnres, 
No  drainage  Ja  used.  Sterile  dreaainga  are  applied.  Fixation  of  the  headanJ 
neck  is,  as  a  nile,  not  iipcessarj. 

6.  Postoiieriifire  Course. — The  temperature  reaetion  is  usuallj  verj  mod- 
erate.  There  is  a  diaturbanoe  of 
pbonation  and  deglutition.  Ca« 
must  be  r?xercised  when  the  pa- 
tipiit  (Irinks  to  put  the  Ii(]iiid  in 
on  the  aonnd  side  of  tbe  niouth, 
and  tlie  patient  must  learn  tbe 
trick  of  swaIlowitig  with  a  moreor 
tess  complete  unilateral  paraljsit 
of  the  m  u  8  o  I  e  8  of  d^lutition. 
Tliere  is  a  tendencv  at  firet  fnt 
Htiuids  to  enter  the  laryDX  and 
trachea.  The  patieiits  learn  tn 
swallow  readilv  vvitbin  a  few 
(lavs.  The  voii*  is  hiiakv,  and  the 
patient  feeis  80iiiewhat  as  tbou^ 
he  had  a  larvngitis.  Tbeae  Ah- 
turbances  wear  away  in  the  vmm 
of  a  few  week8.  The  wound  heali 
bv  priraary  union,  and  the  Ak 
autures  are  removed  on  tlie  ihin 
to  tlie  fifth  day,  after  wbicli  no 
dreasing  is  necessory. 


Fta.  56. — Nbbvh  Anabtomosis.  Sami>  ub  Fig,  55  ei- 
oept  that  it  BhDWH  thb  lucial  autured  iuto  a  latersl 
sllt  in  the  hvpoglosanl. 


The  afler-treatment  is  the  most  importaiit  factor  in  obtaining  the  deslred  remll 
Massage,  eleotri('ity  and,  later,  c-oiirdinated  inuBcular  njovementa  musl  be  pereblentlj 
and  ByatematicBlly  resorted  to  for  months.  It  is  now  well  reiro^ixed  ihat  aflef  >W 
nerve  tranaplanlation,  the  return  of  coordinat«!  power  iiivolvea  a  reedufation  of  tM 
nerve  centerH,  both  in  the  spinal  cord  and  in  the  oerebral  eortes. 

Tlie  education  of  tbe  spinal  centers  progressea  fairly  rapidly,  whiie  that  af 
the  cortex  require3  long  perioda  of  tiuie,  ofteu  jears,  for  ita  conipletion. 

Experimental  work  oii  aniinala  baa  ahown  steady  progress  in  retnni  « 
function  for  perioda  of  5  to  10  jeara. 

Ab  soon  as  voluntary  power  over  the  muacies  begins  to  retum  the  patieot 
ahould  be  tanght  avsteniatic  exerci8es  before  a  mirror  for  the  developmett  w 
muscle  power  and  coordination.  Tbe  cnrtical  volitional  impulses  thus  «"' 
down  far  surpass  in  value  eitber  electrieity  or  massage  as  a  stimulus  to  Berre 
and  rausele  regeneration. 

ResuUs. — Tbe  result  of  the  operation  wiU  depend  upon  a  number  of  «*'' 
ditions. 

1.     The  best  resulta  fol]ow  in  thoae  cases  in  whicb  the  cause  of  the  paral,^ 
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has  been  a  traumatic  division  of  the  nerve.  Leaa  hopeful  of  eomplete  recovery 
are  those  caaes  dne  to  neuritis,  especia11y  wheii  auppurative  in  character,  i.  e. 
in  suppurative  mastoiditis. 

2.  The  longer  the  time  between  the  paraljsis  and  the  anastomoais,  the 
Blower  and  lesa  eoinplete  is  apt  to  he  the  recovery.  In  casea  of  traumatic 
paralysi8,  anastomosis  flhould  be  immediate.  In  interstitial  neuritis  (BelTa 
Ipalsj)  it  is  necessarj  to  wait  a  few  mouths  for  signs  of  spontanoous  recovery, 
wLich  so  often  occurs.  At  the  cnd  of  3  to  G  montlis  of  treatnient  the  ueiirologist 
can  decide  aa  to  the  propriety  of  operatiiig.  In  tlie  auppurative  fonns  opera- 
tion  should  be  done  as  sooii  as  the  daiiger  of  infection  of  the  wouiid  ia  passed, 
as  there  ia  small  likelihood  of  spontaneoua  recovery, 

3.  The  condition  of  the  paralyzed  nmseles — flaceiditv,  contractnre.  apasm, 
ohanges  in  electrical  reaction,  and,  most  particularly,  the  degjee  of  atrophy — is 
'important.  Tlie  more  atrophy,  the  lesa  hope.  Therefore  maaaago  and  ele(;trieity 
'tnnst  be  sy3teinatically  used  froiu  the  onset  of  the  para1ysia  to  keep  the  mnacles 
in  good  condition  in  eaae  elther  spontaneoua  regeneration  of  the  nerve  occurs,  or 
ioperation  hecomes  necea8ary, 

4.  The  technic  niuat  be  preeise  and  delicate.  The  nerves  muat  not  be 
Ipinched  or  iinduly  handied,  the  sutnres  nrnst  be  fine  and  involve  only  the  ner\'e 
'sheaths.  The  importance  of  these  details  is  accentuated  by  the  postoperative 
appearanee  of  teinporarv  interference  with  the  fnnctions  of  the  hypogto8aal 
'Berve,  The  degree  and  duration  of  this  iuterferenc*  are  directly  proportionate 
ito  the  trauinatism  inflieted  on  the  nerve  during  operation.  There  muat  be  the 
ileast  poaaible  amount  of  scar  tiasue.  Aaepsis  is  easential,  becanse  siippnration, 
igside  from  being  dangeroua  in  itself,  wonid  reduce  the  probability  of  ner\'e 

union  to  the  minimum,  and  there  would  later  be  pressure  on  the  nerve  due  to 
,oontraction  of  the  cieatrix, 

5.  The  importance  of  the  after-treatment  has  been  indicated  above,  The 
(firat  degree  of  recovery  conaista  in  8ynunetry  of  the  face  during  quicacence,  but 
[■vithout  volitional  control  over  the  museles.  The  next  degree  conaists  in  the 
(peturn  of  volitional  control  of  the  museles,  but  with  the  para]yzeci  aide  of  tlio 
I  face  uninfluenced  by  the  emotions  (laughing,  crying,  etc).  The  third  and  com- 
1;  plete  degree  conaists  in  the  return  of  cmotional  control  of  the  face. 

I  This  wa8  acquired  t«  a  ccrtain  estent  in  Korte'8  čase  (43),  The  reaaona 
for  preferring  tlio  hypoglossal  to  the  spiual  accessory  nerve  aa  a  medium  for 
tnastomnaiB  are  reudered  more  intelliglble  by  Figure  49,  which  representa 
Bcliematically  the  aharp  contrast  between  the  cloae  relationahip  of  the  nuclei  of 
the  facial  {seventh)  and  hypoglossal  (twelfth)  nerves,  and  the  wide  interval  be- 
tween  the  facial  and  spinal  acce8sory  nuclei.    Again  the  face  and  tongiie  centers 

■TO  the  cortex  are  cloaelv  aaaociated,  indeed,  overlap,  vvhile  the  face  and  ahonlder 
teiiters  are  widely  separated,  a  fact  emphaaized  by  Ballance  and  Stevvart. 

The  phyaiological  association  of  the  2  nuclei  in  the  medulla  is  striking]y 
sbovvn  in  the  frequent  affection  of  botli  in  disease,  as  labiogloasal  palfly,  and  by 
the  fact  tbat  the  transverse  fihera  of  tlie  tongiie  and  the  orbicularis  oris  can  con- 
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FlO.  57.— COH  PLETE  pACIAIi  pA- 
HAl.T9ia  FOLI.OWINO   Mastoid 

Opehation. 


tratt  oiiI\  ti^rtlid  The  closc  anatomicnl  coniieclion  of  ail  tlie  cranial  nerres 
througii  the  postenor  loiigitiidiiial  bimdle  sbould  be  considered  in  the  light  of  a 
nidinipntarv  plexiforni  arrangement  aiial<^trom  to 
that  of  the  cervieal,  bracliial,  aiid  cniral  plesuses. 
Tliia  close  assoeiatiuD  of  the  eortical  and  raediO- 
larv  centera  of  the  facial  and  h^-poglossal  nerve 
ronclera  the  procesa  of  reeducation  (previoualj  dis- 
ciissed)  aliorter  and  simpler  than  in  the  čase  of  the 
apiual  acce«8ory. 

HfsuUs. — The  inimediate  resulta  are  tbe  ilifi- 
turbances  of  phonation  and  degliititiou  previouslj 
mentioned,  phis  a  iinilateral  paralvsis  of  the  tongue 
on  the  same  side  as  the  operation,  which  is  more  or 
lesa  eoiiiplete,  accnrdiiig  to  whether  the  bvpoglossai 
iierve  has  been  partiallv 
or  coinpIetely  divided. 
Thia  paraljais  of  the 
tongiio  persists  f  o  r  a 
niunber  of  weeka  aud  gradnally  diaappeara  if  tbe 
bjpogloaaal  nerve  has  iiot  been  divided  bnt  has  been 
used  for  lateral  iniplantation.  Even  after  the 
tongue,  in  these  cases,  haa  regained  ita  fnll  range  of 
inohilitv,  tbere  persists  perraanently  a  diminution 
in  size  of  tbat  side  of  the  tongiie. 

Hemole  Resulis. — Frequent]y  6  week8  after 
operation  tbe  face  at  reat  will  have  regained  ita 
a_ymmetry,  and  tbe  pa- 
tient  witl  aav  that  tbe 
paral.vzed  side  haa  loat 
ita  boardlike  feeling,  bnt 
there  will  be  no  evidence 
of  vohintarv  motion,  nor  w 

the  electrical  reaction  of  the  musclos,  At  anv  tinif 
from  3  moutbs  on,  according  to  the  individiial  <**> 
a  beginning  of  voluntarv  motiou  niay  be  espcctM' 
Thia  practioal]y  a]vi'ays  appeara  first  in  tho  iniisclf^ 
about  the  cbin,  tben  at  the  corner  of  tbe  nioiith  aDa 
cheek,  tben  aronnd  the  eye,  and  at  last  in  the  mD!" 
cles  of  the  forehead.     The  patienta  soon  get  sot^sl 

nu.  OW. V^OHRUaATOH  nUPKH-  ^  ~  J 

ciLii    MusrLEs    AcTiNo     tbey  can  control  these  groiips"of  miiscles  indepfDti- 
EgaA|,Lv    W^ti.    on    Both      ^^^^^^.  ^^  ^^^^  ^^-^^^  ^^  ^^^  ^,^^  ^-^^^^  ^]|  ^^  ^^^  ^^ 

tinie.  It  ia  onlv  after  several  veura  and  after  p'"' 
longed  training  on  the  part  of  tbe  patient  that  aymmetry  in  tbe  espreesion  o' 
emotion,  aucb  as  laugbing  and  erying,  iiiay  appear.     Usually  tbia  apontanMj^ 


Flo.    58.— Same 


1  there  be  any  chiinge  m 
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euiotional  control  does  iiot  develop,  allhoiigh  tbe  ptitieiit,  if  not  cauglit  unex- 

pectedJv,   inay   sinmlate   it  so   acciirately    as   to   escape   clctection,   by   volun- 

tarily  mukiiig  tlie  pavaljzed   side  bahmce  tlie  iiormal   aide.      {FigB,    57,   58 

and  59.) 

Faciospi\al-accessoby  Anastomosis. — Tlie  pxp()siire  aiid  preparation  of 

the  facial  nerve  are  the  same  as 

in    the    precediug    operation. 

The    spiual    aceesBory    win    be 

found   runninf^  JowTiwnrd  and 

outward  across  tbe  front  of  the 

second  transverse  procesa,  com- 

ing  either  from  in  front  or  be- 

hind  the  iiiterual  jiigular  veiu, 

passing   beaeath    the    posterior 

belly  of  the  digastric,  and  en- 

tering  the  inner  Burface  of  the 

atemouiaatoid  miiscle  abont  !/{ 

of  its  leugth  downward  from  its 

tnastoid    origin.       When    the 

nerve    has    been    espoaed,    the 

portion  nmniiig  to  the  sterno- 

inastoid    m  u  s  C 1  e    is    dividfd 

transvoraelj   and   ilisaected  up- 

ward  for  end-to-end  suture  with 

the  facial.     Using  this  portion 

of  the  nerve  avoids  the  diafigur- 
I  ing    defomiity    of   the    drop- 

shoulder    which    often    resulta 

from  diviaion  of  that  portion  of 

the  spinal  acce38ory  which  in- 

nervates  the  trapeziua  miiscIe. 

(FigB.  60  and  Cl.) 

The  wound  is  elosed  as  in  the  preceding  operation. 

Whore  the  faciospinal-acccsBory  anustouiosia  Ims  l>cen  dono,  attcinpts  to  nso 
'the  face,  or  attenipts  to  nse  tlie  nmacles  innervated  by  tbo  spinal  accessorv 
hiierve,  resiilt  in  associatcd  movcnionts  of  both  jijoupa  of  uiuaules.  This 
Oteads  to  iincxpe(:ted  contortiona  and  gviniat-fs  whidi  aro  disagrceahle.  Hy 
ftraining  for  a  year  or  more,  some  patients  are  able  to  i^ntirolv  disaocintp 
nthese  2  groupa  of  movementa;  othera  are  not  coinpleteIy  Bucceasfiil  in  this 
N3i89<x^>ation, 

[  POSTOPERATTVE  EXEKCI8E8. — No  matter  whieh  nerve  haa  been  used,  the 
:!Enal  rcaulta  wi]l  not  bc  attained  imtil  2,  and  in  aome  caaes  3,  vears  have  elapaed 
'irom  the  tirne  of  operation,  and  during  this  tirno  the  patient  innst  foUow  pcr- 
,  »i8tently  a  series  of  avstematic  progressive  oxerci8es  for  the  development  of 


2.  spinal 

acocasiirv  nerip    d    ijoBtunot  btl1y  o(  Ihedigastric  mu»- 
cle:  4,  intoriuil  lusular  vem      (Aiu.r  Ciutiiu«.) 
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contnil  in  tlie  previi™sly  paralyzed  mUBcies,  aa  veli  as  tlie  avstematic  use  of 
massage  and  ele(.'tricity. 

Wlien  regeucration  begins  in  the  facial  nerve  after  such  an  anasto- 
mcsia,  the  after-treatment  reall^  atnouuts  to  the  educatioii  of  an  entirely  ne* 
set  of  cortical  cella  in  the  control  of  the  previoualj  paralyzed  muacleB  of  one  side 
of  the  face. 

Brieflj  the  progressive  esercises  may  be  oiitlined  a3  follow3:  When  voliin- 
tai"y  motion  first  appeara  in  thechin 
and  at  the  augle  of  the  moiith,  it  mav 
he  greatly  intensified  in  faciohvpo- 
glosBfll  caaea  if  the  patient  wil!  vol- 
untarilv  cauae  eAceasJve  action  of  tlie 
nuiselea  supplied  by  the  hvpogloBsal 
on  the  soiind  aide  and  as  mnch  of  the 
hvpoglossal  as  may  remain  umlivided 
on  the  paraivzed  side.  Pushinp  the 
tongue  firmly  against  the  front  teeth 
seema  to  be  a  particiilarly  good  adju- 
vant.  Thia  overactivitv  of  the  hvpo- 
glossals  seema  to  canse  a  great  ove^ 
flow  of  nen-e  impulse  into  the  anas- 
tomosed  facial  nerve  with  conse<]neiit 
increaaed  activity  in  those  miisclefl 
supplied  with  regenerated  fibers. 
The  rate  of  improvement  is  thus  so- 
celerated. 

In  the  early  period  ali  the  miifr 
cles  which  have  regained  anv  power 
"  contract  together,  with  a  resultiug 
grimace.  The  training  then  ainis  st 
■  small  related  groupa  before  the  in'^ 
ror  until  the  grimace  is  diaaociated  into  its  component  parts,  and  the  ditlereiit 
amall  groiips  of  muBcles  cau  be  used  freeiy  and  indepeudently  of  ali  the  other 
groups. 

Then  finally  the  attempt  is  made  to  regain  emotional  B}Tmnetry  of  the  ii^ 
Standing  before  the  mirror,  the  patient  volnntarily  makes  the  paralyzed  eideo' 
the  face  s^-i-nimetrical  w-ith  the  normal  aide  dnring  varioua  exprea8iona  of  emo" 
tion.  After  long  practice,  a  verv-  few  patients  can  balauce  the  face  autoio«''' 
cally,  biit  the  great  majority  of  them,  if  eanght  iinexpeetedly,  cxpres8  the  etaf 
tion  only  with  the  normal  aide  of  the  face  until  they  catch  up  and  balauce  voIbU' 
tarily. 

It  will  thns  be  aeen  tbat  no  face  rcsiilting  from  a  facial  anastomosis  ffi" 
ever  be  aa  good  as  a  perfectly  normal  face,  but  it  is  infinitely  better  than  » 
permaiiently  paralyzed  one, 


the  control  of  individual  musclea   i 
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Neuralgia  of  THE  Sensort  Poetion  of  thr  Seventh  Cranial  Neeve 

It  has  been  pretty  definitely  proven  that  the  pars  intennedia,  or  nerve  of 
Wrisberg,  is  the  8ensory  root  of  the  seventh  cranial  nerve,  and  runs  out  to  the 
geniculate  ganglion,  which  is  its  trophic  center.  This  ganglion  and  its  sensory 
root  may  be  the  seat  of  severe  neuralgia  analagous  to  that  in  the  Gasserian 
ganglion  and  its  nerves  (Hunt,  42).  (See  anatomical  relations  previou8ly 
deseribed.) 

The  pain  in  neuralgia  of  this  nerve  is  severe,  sharp,  and  stabbing,  and  is 
referred  to  the  external  auditory  canal  and  the  upper  posterior  adjoining  por- 
tion  of  the  inner  surface  of  the  auricle.  It  may  be  associated  with  neuralgic 
pains  in  the  Gasserian  ganglion  region,  or  with  neuralgic  pains  in  the  distribu- 
tion  of  the  2  upper  cervical  nerves.  When  this  pain  cannot  be  controlled  by 
medical  means,  the  only  relief  lies  in  surgical  attack.  Since  some  of  the  sen- 
sorv  filaments  may  be  included  in  the  motor  part  of  the  seventh  or  in  the  upper 
portion  of  the  eighth  cranial  nerve,  or  in  both,  the  only  sure  relief  from  pain 
eonsists  in  the  division  of  the  motor  seventh,  the  pars  intermedia,  and  the 
upper  portion  of  the  eighth.  An  operation  for  this  purpose  has  been  reported 
onlv  once.    (Clark  and  Taylor,  33.) 

Division  of  the  Motor  Seventh,  Pars  Intermedia,  and  the  Eighth. — The  only 
feasible  site  of  attack  is  in  the  posterior  cranial  fossa,  where  ali  3  nerves  con- 
verge  to  enter  the  internal  auditory  meatus.  Section  of  the  nerves  just  pos- 
terior to  this  meatus  will  cause  facial  paralysis  through  division  of  the  motor 
seventh,  and  will  cause  temporary  disturbance  of  hearing  from  division  of  the 
upper  part  of  the  eighth,  but  the  pain  is  completely  relieved.  Inasmuch  as  the 
8ensory  fibers  are  divided  between  their  trophic  center  (geniculate  ganglion) 
and  the  central  nervous  system,  there  will  be  a  permanent  degeneration  of  the 
fibers  and,  therefore,  permanent  relief  from  pain.  The  motor  fibers  on  the 
other  hand  being  divided  distal  to  the  central  nervous  system  and  therefore 
distal  to  their  trophic  centers,  will  unite,  regenerate,  and  again  take  up  their 
function.  This  return  of  control  of  the  face  muscles  started  in  the  1  čase 
reported  after  about  6  months,  and  was  nearly  complete  in  a  year.  The  patient 
was  seen  only  at  long  intervals,  so  that  the  exact  time  of  return  of  power  in  the 
face  was  not  noted. 

This  is  quite  in  line  with  the  results  obtained  in  section  of  the  posterior  roots 
in  the  Gasserian  neuralgia,  where  motor  power  will  return  in  the  muscles  of 
mastication  if  the  roots  are  simply  divided  and  not  avulsed. 

TECHNTC — Ether  is  used,  and  is  administered  through  rnl)l)er  tubes  passed 
through  the  nares  to  the  larvngeal  entrance,  so  as  to  koep  tho  etherizer  out  of 
the  way  of  the  operator. 

The  patient  is  placed  prone  on  the  tablo  with  ciishions  under  the  shoulders 
and  the  head  hanging  for\vard  so  as  to  give  :\  gocnl  exp()siire  of  the  operative 
field  and  stili  leave  the  chest  free  for  respiratorv  inoveiiients.  Some  of  the 
head-rests  specially  devised  for  operations  on  t\w  posterior  fossa  are  very  useful. 
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(See  chapter  on  Cerebellar  Siirgery.)  An  osteoplaatic  flap  is  tumed  dowL,  Its 
outer  edge  lies  just  witliin  the  posterior  border  of  the  maatoid,  the  upper  border 
about  2  em.  above  tlie  line  of  the  lateral  siiins,  and  the  hiuer  border  just  to  the 
same  side  o£  the  median  line ;  the  ]ower,  or  hinge  border,  weU  down  toward  tk' 
foramen  magmini.     A  rliiral  flap  ia  eut  with  ita  base  turiied  toward  the  median 


line,  it3  upper  edge  just  below  the  lateral  a 


ita  oiiter  and  inferior  edges  juat 
within  the  corresponding  bnue 
edges.  A  flat  bliint  retractor  is 
paaseJ  along  the  outer  side  of  tLe 
rerehcllum  bpneath  the  dura  to 
the  base  of  the  petrous  bone,  along 
the  posterior  aiirface  of  which  it 
is  gentlj'  inserted,  retracting  tlic 
cerebellum,  backward  and  towarii 
the  median  line,  until  the  cerehro- 
spinal  fliiid  at  the  base  of  the 
b  r  a  i  n  eacapes  in  cnnsidersble 
qnantit_v  with  a  ruah.  Iininedi- 
ately  the  eerebelhun  retracts  eas- 
ily,  and  the  nerve  field  is  esposed. 
Čare  niust  he  taken  not  to  mis- 
take  the  ninth,  teuth,  and  eleventb 
nerves  paasing  tbrough  the  fora- 
men lacemni  posterius.  for  thev 
lie  <lire(;tl.y  beneath  the  iutemal 
auditory  meatus,  into  whiph  the  3 
ner\'e8  aought  enter.  In  the  one 
caae     operated     iipon     thia    hap- 


Nbbte   Section.     a, 

cipital  lobe:  B,  Oateopliiatic  flap :   C, 

'ranial  nervea  entprins  foramen  laci' 

postoriuaexposedby  retracting  the  cerebellum  U)ward      pened  at  first,  and  OnU"  the  jutup- 

the  median  lino;  D,  vii  and  viii  craniul  nen-es  and      .  r       ^.  i         >  i  1  il« 

pare  intermedia  ontering  the  inlerual  nuditur/  "noa-     mg     01     the     shouhler     When    'I'« 

tu«;  E.  lutorai  aaua.  elevBDth  Derve  waa  atimulatfiil  in- 

dicated  whieh  nerve  wa8  under  inapection.     Iletraction,  wbich  esposed  tbf 

apace  ininiediately  above,  readily  broiight  into  view  the  aeventh  and  ci^tl' 

nervea  and  the  para  intermedia  (Fig.  02).     The  aeventh,  the  para  intenn«li'i 

and  the  upper  fasciculua  of  the  eighth  nerve  are  cut.     The  retractor  is  s\o^'y 

withdrawn,  aIIowing  the  cerebelliim  to  retum  to  ita  proper  spaee.     The  aan 

is  cloaed  hy  a  cnntimioua  catgut  auture.     The  bone  ilap  ia  laid  hack  in  pli"*- 

The  periosteiira  ia  autured  with   20-day  chromic  catgut.      The   iniia-les  ai* 

autured  with  plain   gut,   and   the   skin  with   a  continiious  ailk  sutiire.    ^'' 

drainage  is  used.     Sterile  dressingB  are  applied. 

DiscEsaioN  OF  Teciinic. — The  flap  is  inade  large  so  that  the  cerebellni" 
may  be  retracted  easilv  and  without  undue  corapreaaion.  It  is  carried  ^" 
above  the  lateral  sinus  so  as  to  get  bone  thick  enoiigh  to  bevel  on  3  sidea  and  "i"* 
enable  one  to  lay  the  flap  hack  withont  l)one  aiiturcs  and  without  danger  of  't* 
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pressing  on  tlic  brain.  The  inferior  portion  of  the  occipital  bone  is  quite  thin. 
The  bone  flap  is  ciit  by  the  Hartley-Kenyon  motor  8aw. 

After  the  dural  flap  is  made  and  the  cerebellum  retracted,  2  things  are  found 
verv  iiscful:  a  siiction  apparatua  working  on  the  principle  of  tlie  Sprengel 
piinip,  wliieh  keeps  the  field  free  from  cerebrospinal  fliiid  and  blood;  and  a 
sniali  cvstosiTopic  bntb-Iight  on  a  flexible  stem,  so  that  the  light  can  be  placed 
right  in  the  operative  ficld. 

\\'hen  the  internal  aiiditory  meatus  is  expo9ed,  the  nerves  are  scen  entering 
it  with  an  artery  of  moderate  size — the  aiiditory.  Thls  arterv  is  earefully  re- 
tracted, as  it  vvonld  be  rather  troublesome  to  tie  in  a  wound  of  snch  depth.  If 
it  inust  be  dividcd,  the  Cushing  ailver  elips  wiH  be  most  convenient, 

Tlic  sevcnth,  the  pars  intermedia,  and  the  npper  fasciculns  of  the  eighth 
cranial  nerve  are  divided  with  a  scalpel.  The  rcButt  is  a  complete  facial  pal8y, 
some  tcmporarv  disturbance  of  hearing,  and  complete  disappearance  of  the 
charaeteristic  pain. 

Tliis  operation  gives  ample  exposure  for  carrying  out  this  division  of  the 
sercntli  and  its  associated  nervca  just  posterior  to  the  internal  auditory  meatus. 
If  the  bone  flap  is  carried  wel]  out  toward  the  mastoid,  biit  little  manipulation 
of  the  cerebellum  is  necessary,  so  that  the  removal  of  bone  from  bebind  botb 
lobes  of  the  cerebellum  is  not  reqtiired.  Hemorrhage  is  free  while  making  the 
inciaiiin  through  the  eoft  tissues  down  to  the  bone,  but  may  be  readily  con- 
trolled  bv  the  iisiial  means,  With  displacement  of  the  cerebellar  lobe,  there 
iisnany  escapea  a  considerable  quantity  of  cerebrospinal  fluid  from  the  great 
posterior  cistern,  and  then  the  cerebellum  may  be  diaplaced  with  considerable 
freedoin  and  tbe  operative  field  opened  up  very  satisfactorily. 

BB8ULT8. — The  wound  heals  by  primary  union  and  after  a  tirne  the  bone 
flap  l)ecomes  aolid  with  tbe  rest  of  the  skuti,  so  that  there  ia  no  ultimate  defeet. 
There  is  complete  and  permanent  disappearance  of  the  pain.  There  may  be 
alight  disturbance  of  the  auditory  sense  on  the  side  of  the  operation,  but  this 
disappears  within  a  ahort  time.  The  paralysis  of  the  face  gradually  disapfteara 
in  the  course  of  the  first  year  after  the  operation. 

This  type  of  čase  is  by  no  means  infrequent,  and  when  it  comea  to  be  recog- 
nized,  manv  cases  of  intractable  otalgia  will  be  relieved  bv  surgical  inter%'en- 
tion. 

ifanv  operators  do  not  use  the  osteoplaatic  flap.  feeling  that  the  thick  layers 
of  muscle  and  fascia  give  sufRcicnt  protcction  to  the  cerebellum,  hut  the  caso 
witb  which  tbe  operation  just  described  vvas  done  and  tlic  pprfoct  skull 
wbich  resulted  wonld  lead  ihe  to  attempt  the  same  method  a  second  time. 
Instead  of  doing  the  oateoplastic  operation,  thev  reflect  the  soft  parts  fnnn 
tbe  occipital  bone  on  tbe  side  to  be  operated  iipon  and  remove  aH  of  the 
bone  ivilliin  the  limits  of  Ihf  hiroml  ^md  nci-ipitiil  sinuses,  llic  [Mwfprior 
border  of  the  mattoid  extern!i  I  Iv,  and  the  edge  of  the  foramen  niagnuni 
inferiorIy.     FrojR^j^^oiDt  on,  tbe  operation  is  the  HiiUMB^JMt  previouslv 
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EIGHTH   O&ANIAL   NEBVE 

The  eighth  cranial  nerve  is  attacked  8urgically  in  cases  of  persistent  tinnitus 
aurium,  incurable  by  other  means,  and  also  occasionallj  in  cases  of  very  per- 
sistent vertigo,  due  to  derangement  of  the  intemal  ear.     Not  manv  cases  have 
been  reported,  but  there  has  been  an  occasional  complete  success.     Frazier  t^ 
ports  complete  success  in  a  čase  of  tinnitus  aurium. 

The  operation  is  the  same  as  that  described  for  division  of  the  f acial  nerve*^ 
except  that  only  the  auditory  nerve,  provided  it  can  be  isolated,  need  be  divideci 
after  the  group  of  nerves  entering  the  intemal  auditory  meatus  has  been  er — 
posed.    With  the  division  of  the  entire  auditory  nerve,  there  will,  of  course,  r& — 
sult  absolute  loss  of  function  of  the  nerve  on  that  side  forever. 

Bryant  says  that  those  cases  of  persistent  tinnitus  aurium  are  most  apt 
get  relief  from  section  of  the  auditory  nerve  in  which  there  is  complete  deaf 
ness  to  air-conducted  sound  but  good  appreciation  of  bone-conducted  sound. 

In  aggravated  vertigo  of  labyrinthine  origin  this  operation  has  afford 
marked  relief  in  many  cases,  but  has  resulted  in  real  cure  in  very  few. 

TENTH  CBANIAL  NEBVE 

The  tenth  nerve  is  occasionally  injured  in  the  course  of  operations  in  th 
neck.  Under  these  circumstances,  immediate  end-to-end  suture  of  the  nervi 
should  be  done.  If  the  nerve  is  injured  on  only  one  side,  there  is  seldom  an 
serious  resulting  disturbance. 

The  tenth  nerve  is  sometimes  resected  on  one  side  of  the  neck  in  the  coura-^ 
of  block  dissection  for  malignant  growths  without  serious  consequences  resulfc- 
ing  from  this  particular  feature  of  the  operation. 

Operations  on  the  tenth  nerve,  as  such,  are  few  and  have  not  been  sufficientiv 
standardized  to  warrant  detailed  description.     As  a  matter  of  interest,  it  may  be 
stated  that  in  one  čase    (Byrne  and  Taylor,  not  yet  published)   the  upper 
ganglion  of  the  right  pneumogastric  nerve  was  removed  in  toto  in  a  čase  or 
tabetic  crises,  in  whicli  pain  was  the  minor  symptom,  but  nausea  and  vomiting 
were  constant.     It  is  in  this  type  of  čase  that  Professor  Foerster  of  Breslau 
says  the  lesion  is  in  the  pneumogastric.     The  patient  died  on  the  third  day, 
after  delirium  cordis,  djspnea,  edema  of  the  lungs,  and  coma  had  rapidly  fol- 
lowed  each  other.     During  this  time,  however,  he  did  not  vomit  at  aH,  except 
once  or  twice  during  his  recovery  from  the  ether. 

Another  operation  has  been  done  several  times  in  Germany  for  tabetic 
crises  of  the  above  type.  It  consists  in  resecting  several  inches  of  both  the  rig"* 
and  left  pneumogastric  nerves  as  they  pass  onto  the  stomach  after  passing 
through  the  diaphragm  with  the  esophagus.  The  persistent  vomiting  is  said  to 
have  ceased. 
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ELETENTH  CRANIAI,  HEBTE 

Anatomicsl  ConiideratiDiu. — Tho  eleventh  nor\'o  passcs  tliroiigh  the  foramen 
kccniiii  p<»Htcriiia  iu  conipauy  with  the  ninth  and  tenth  iicrves,  passes  down- 
ward  and  oiitward  either  in  front  of  or  b^iiid  the  intcmal  jugiilar  vein,  croBsea 
the  second  traiisverse  process  and  enters  the  dceper  sitrface  of  the  atemomaatoid 
miisfle  at  about  the  junction  of  ita  upper  and  middie  thirds,  gives  motor 
branchcB  to  thia  miisole,  and  then  the  remainder  passes  throiigh  tho  musclc  and 
leavcs  the  postcrior  border  at  or  just  above  its  middlo.  It  then  runs  oblique]y 
downwar{I  and  outvvard  acroBS  the  posterior  cervical  triangle  to  enter  the 
trapezins  mnsclc. 

Indications  for  Operation. — Thia  nerve  ia  not  infreqiiently  divided  during 
tlic  cx<'i8inn  of  glands  of  the  nock,  either  in  the  anterior  or  posterior  triangle. 
If  divided  in  the  anterior  triangle,  both  the  atemomaatoid  and  trapezius  muscles 
are  paralyzed;  if  in  the  poa- 
teriiir  triangle,  tlie  trapezius 
luiisclc  alune  is  paral.vzed  and 
thcre  resnlts  a  inarked  drop- 
shiinlder  with  undno  promi- 
ncncc  of  the  npper  angle  of 
the  scapnla,  and  ni  a  r  k  e  d 
a  t  r  o  p  h  v  of  the  trapeziua. 
AVliile  theae  conibined  factora 
eanae  marked  deformitv,  there 
is  surprisinglv  little  loss  in 
range  of  inotion  of  the  extrem- 
itv.  In  aonie  caaes  where  the 
trapozins  gcts  much  of  ita 
motor  siipplv  from  the  upper 
cervical  ncrves  (II,  III  and 
IV),  division  of  the  spinal  ac- 
ceasorv  canaes  almoat  no  gymp- 
toms.  If  the  accidcntal  di- 
vision of  the  nerve  is  discov- 
ered  at  the  tirne  of  operation, 
iinniediate  end-to-end  auture 
should  be  done,  and  the  ex- 
tremity  alioiild  be  austained  by 
a  sling  «r  brace  to  prevent  un- 
dne  traction  on  the  paraly7.ed 
muacies  until  rpgoneration  of  the  aerVB,  »ud  retnni  of  powcr  havp  occurreil. 
If  aoction  of  the  nerve  is  diaeovetišd  only  h  v  t  lir  .ii'|";irMiM-i'  ■■!'  rhe  paralvsis 
during  convalesi-enoe,  tho  vvoiuul  iliuoltl  ti-'  i  ;   i.;-!'  hI  the  divided 

ends  BOught  and  suturod. 


Fio.  Aft.— EzroADM  or  Stikal  Acouost  bt  a  Than»- 
msB  ImHKHf  ¥ouowaia  Natuku.  V/antmua  or 
Bkin  or  NaoK.  1,  SpIihI  BMiaHorv  dbtt«;  3.  iir 
U4iul  iugular  vcin:  3.  poaicrior  bclly  of  the  di^aatrio 
miucto. 
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Even  after  years,  it  is  wortli  while  to  seek  the  ends,  freshen  and  suture  them. 
The  danger  is  practically  nothing  and  the  reward,  in  suceessful  cases,  is  great 
In  these  old  cases,  if  in  the  posterior  triangle,  the  downward  displacement  of 
the  shoulder  drags  the  distal  stump  far  downward,  so  that  the  search  must  be 
made  in  the  line  which  the  nerve,  thus  pulled  upon,  would  naturallv  follow. 
The  shoulder,  after  the  nerve  is  sutured,  must  be  held  well  up  toward  the  neck 
to  relieve  tension,  both  on  the  nerve  and  the  paralyzed  musclc,  until  function 
has  returned. 

Outside  of  its  use  for  anastomosis  with  the  facial  nerve,  which  has  pre\T 
ously  been  described,  the  only  operation  on  the  eleventh  nerve  consists  in  resec- 
tion  of  it  for  wry-neek  in  conjunction  with  section  of  the  upper  eervical  nenes. 

Technic. — The  best  incision  is  parallel  to  the  transverse  creases  in  the  eervi- 
cal skin  (Fig.  63).  The  incision  should  be  about  3  to  5  cm.  long  and  should  be 
placed  at  the  level  of  the  junction  of  the  upper  and  middle  thirds  of  the  sterno- 
mastoid  muscle.  The  incision  runs  through  the  skin  and  subcutaneous  tissues 
down  through  the  layer  of  deep  eervical  fascia  which  surrounds  the  stemomas- 
toid  muscle.  The  edges  of  the  wound  are  retracted  and  the  anterior  edge  of  the 
sternomastoid  muscle  is  retracted  outward  and  somewhat  everted.  After  com- 
plete  hemostasis,  one  will  usually  see  the  spinal  accessory  nerve  coraing  down- 
ward  and  outward  over  the  second  transverse  process  and  entering  the  deeper 
surface  of  the  muscle.  If  the  nerve  is  not  thus  easily  located,  one  must  seek 
upward  and  downward  along  the  deeper  surface  of  the  muscle  for  a  short  dis- 
tance  until  it  is  located:  It  may  be  tested  by  the  electric  current  to  positivelj 
identify  it.  Having  been  identified,  as  much  of  the  nerve  trunk  as  can  be  con- 
veniently  resected  is  removed.  The  space  in  the  sternomastoid  muscle  is  sutured 
over  the  buried  distal  nerve  end  and  the  proximal  stump  may  also  be  buried  in 
the  eervical  fascia  in  order  to  increase  the  security  against  regeneration  and 
union  of  the  nerve  ends.  The  wound  is  closed  vvithout  drainage  (catgut  for  the 
fascia,  silk  for  the  skin)  and  the  dressings  are  applied. 

TWELFTH   OBANIAIi  NEBVE 

The  twelfth  nerve  is  not  important  as  a  surgical  entity.  It  is  used  as  de- 
scribed in  facial  anastomosis  as  a  source  of  new  nerve  supply.  It  is  often  in- 
jured  in  cut-throat  accidents  and  sometimes  in  surgical  operations  in  its  neigh- 
borhood.     When  so  injured  it  should  be  sutured  end  to  end. 
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Indications. — The  indications  for  unilateral  laminectomy  are  as  follovs: 

For  any  exploration  of  the  spinal  canal. 

For  section  of  the  posterior  roots  on  either  1  or  both  sides. 

For  spinal  decompression. 
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AVLen  a  tumor  is  exposed  hy  thia  methotl,  if  nece89ary  for  its  safe  removal, 
the  laiiiiiiiE  of  tho  opposite  aide  may  be  roadily  removed  and  the  operation  con- 
verted  into  a  bilateral  laniinectomj. 

The  metliod  ia  scaroeIy  applicable  to  wort  on  fracliires  of  the  spine  where 
the  injurv  is  bilateral. 

Anatomical  Featnr«. — Tbe  anatoniical  feattiree  to  be  appreoiated  are  the 
gpinoiia  processea,  siirmoniited  by  the  siipraspinoiia  H^tnent,  and  the  row  of 


Fto.  64. — Rin-RACTOR  E^PEclALLT  DcBiUNED  FOR  Lahinbctout.     It  haa  the  advantagc  of  holding  the 
■kio  and  au[>crficial  musciea  wel]  out  of  the  WBy  uid  ao  alIowiDK  pleDty  or  light  to  get  to  Ihe  depth  of 

the  winind. 


Fio.  87.— Hddbon  Set. 
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articular  processes  on  each  side  with  the  lamin«  between.  In  the  cervical 
region  the  groove  formed  by  these  bony  elemcnts  is  broad  and  somewhat  shal- 
low ;  in  the  dorsal  region  narrow  and  f airly  deep ;  while  in  the  lumbar  region  it 
is  of  medium  width  and  considerable  depth. 

In  the  dorsal  region  the  laminse  overlap  each  other  so  that  there  is  no  inter- 
laminar  space  through  which  to 
enter  the  canal,  while  in  both 
the  cervical  and  lumbar  regions 
there  is  a  definite  interval 
which  m  a  y  be  increased  by 
flexion  of  the  spine.  The  lam- 
inje  are  connected  by  strong 
ligamentoiis  structures. 

Between  the  inner  wall  of 
the  bony  canal  and  the  dura  is 

a  lay€r  of  fat  with  a  connective  tissue  framework  carrying  a  freely  anastomos- 
ing  set  of  vessels.    This  layer  is  from  2  to  4  mm.  thick. 

Within  the  dura,  which  is  somewhat  less  than  1  mm.  thick,  lies  the  cord  sus- 
pended  in  a  liberal  amount  of  spinal  fluid  and  anchored  by  the  ligamentum 
denticulatum  which  runs  down  each  side  of  the  cord  between  the  anterior  and 


Fio.  72. — SciasoRS  Desioned  to  Allow  Rapid  CumNO 
OF  Dura  WrrHouT  Damaoe  to  Undbrltino  Stbuo 

TUBS8. 


CCc 


Fio.  73. — Lane  Nebdle-holder  and  Nbbdlbs.     Very  useful  in  closiiig  the  dura. 

posterior  roots  as  they  pass  downv\rard  and  outward  to  perforate  the  dura  and 
pass  into  the  intervertebral  foramina  virhere  the  ganglion  lies  attached  to  the 
posterior  root. 

The  cord  ceases  at  the  level  of  the  second  lumbar  vertebra,  and  belov^r  this 
Icvel  are  found  only  the  conus  and  the  nerves  forming  the  cauda  equina. 


Fio.  74.— Pbablbb  Nvuiul 


Instruments. — The  inst'' 
64  to  74),  a  periosteal  e 
dura  scissors,  Lane'8  ] 
supply  of  kniveS)  Bm 


.Am 


of  retractors  (Figs. 

iigeurB,  Bpeoial 

"»6  ordinarj 
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Fig  75 — ACEaiicM-^EiiTEBKA  i  BhowB 
how  be%eliQS  under  the  iipinoiu  pror- 
eaa  gi\es  good  exp(iiure  of  tbe  oppo 
nte  side  of  ths  cord  2  mdicutcs  hon 
the  remoMil  of  ihe  lamiiiii  out  to  that 
Ime  gives  a  good  V]ew  of  the  dorBum 
&ad  side  oC  the  m>rd  aiid  with  verj' 
btlle  elevation  of  ihe  cord,  o  good  view 
of  Bt  loBBt  hsjf  of  the  ODterior  ourfHce 
o(  the  cord. 


etc,  whicii  are  used  in  ali  operations.    Hoi-Blev'a  bone  wax  is  occaaionallj  nBefn! 

■when  there  is  persistent  bleeding  from  the  divided  bone. 

Tecluiic. — After  it  has  been  decided  which  larainie  are  to  be  removed,  aa 
incision  is  tnade  parallel  to  the  spinoua 
procesaea  but  just  to  the  aide  from  wh!ch 
the  laniinip  are  to  be  takeii,  ao  as  to  preserve 
the  aupraspinous  ligameat.  Firat  the  abin, 
then  the  deep  aponeurosis,  and  ftnallv  tlie 
mu^les  along  the  sides  of  the  spinons 
proeessea  are  divided,  hugging  cloae  to  the 
bone 

With  a  broad  periosteal  elevator,  tbe 
museles  are  raised  from  the  laminse  well 
out  to  the  articular  procesaes.  Ilemorrhage, 
flhich  IS  often  profuse  at  this  stage,  isonn- 
trolled  b\  packmg  the  wound  with  apoiigB 
pada  Hrung  out  of  hot  saline  soiution, 
^■hieh  are  left  m  plače  for  from  3  lo  S 
minutes.  It  is  very  rarelj  neces3ary  to  nse 
a  hemostatic  foreepa. 
\Vith  the  special  retractors,  the  woiind  is  held  wel]  open,  exposiiig  tho  de- 

nuded  laminie  in  tbe  deptb  of  the  wound.     These  retractors  with  the  obliquel,' 

plaeed  prongs  have  the  advantagc  of  holdiiig  the  skin  and  superficial  lajersof 

niuscie  well  outward  and  making  the  wound  a  broad  wedge-8haped  one  insteiii 

of  the  narrow  deep  one  which  is  given 

by  the  usua!  right-angled  retractors. 
In    tbe   cervical    and    lumbar    re- 

gions,  wbere  the  lamiiiBc  are  not  cloaely 

apposed,    the    ligamentoua    atnicturea 

attached  to  the  lower  edge  of  one  of 

the  lamiufp,  usuallj  near  the  middie 

of  the  wound  for  convenience,  are  di- 
vided  with   the   knife,   and   then   the 

rongeur  or  puncb  (Fig.  66)  la  aUpped 

under    the    lamina    and    is    made   to 

punch  a  groove  npward  tlirough   the 

varioua  lamiiup  to  the  iipper  end  of 

the   wo»nd.     The  puncb   is   then   re- 

versed,  and  the  lower  lamina-  punched 

out  in  like  raanner.    The  hone  on  tach 

side  of  the  groove  ia  then  removed  as  far  as  nece3aary  hy  nsing  the  vanoO' 

rongeura.      Considerable  increaae  in   apace   and  illumination   is  obtained  bj 

beveling  under  the  base  of  tbe  spinoua  procesa  (Figa.  75  to  77).  and  stillnioi* 

by  enoroaching  upon  the  articular  processes  when  nece8sary   (Fig.  T7)-    '" 


UNTLATERAL    LAMINKCTOMT 


607 


Le  dorsal  region,  wbere  the  laminic  are  closely  imbrieated,  tlie  start  for  tlie 

leh  is  obtained  by  boriiig  through  oiie  or  more  of  tbe  larainnc  with  the  Iliid- 

in  buira  wbieh  make  a  hole  large  enough  to  give  eaav  entranee  to  the  puneb. 

Wheii  tlie  laminip  bave  beeu  aatiafactorilv  removed,  oozing  from  the  bone 

irfaces    is    controlled    by 

•ne   wax,    and    the    other 

lorrbage    bv    hot    saline 

[spoDge  pads.     Tbe  laver  o£ 

it  between  bone  and  dura 

divided    longitudinalij, 

:posing  the  dura,  (Fig.  7.S.) 

With     a     sharp-pointed 

,knife  the  dura  in  aboiit  the 

iddle    o£   the    wound    ia 

punctnred    and    the   spina) 

flnid  allowed   to  e  s  c  a  p  e 

•omewbat   Blow]y.      T  h  e  n 

the    suoiit    of    the    special 

dura  scisaors   (Fig,   72)    ia 

passcd    into    the    apertiire, 

and  the  dura  is  divided  tbe 

iengtb   of   tbe   vvonnd,      Tt 

will    readily   bo   seen    that 

Iheso  seissora  properiv  nsed 

■jpve    perfet^t    protection    to 

rtlie     subdutal     atructures. 

(Fig.^  72.)  ^ 

No  special  attention  is  j: 
of  apinal  fliiid. 

After  the  objoct  of  the  operation  bas  been  accomplisbed  and  bemorrbage 
within  the  dural  canal  stopped,  the  dura  is  elosed  tight  by  a  continuous,  fine 
eatgiit  suture.  Tbis  is  best  accompUsbed  bv  meana  of  tbe  Lanc  bolder  and 
needles  (Fig.  73). 

Ev  moans  of  the  Penalee  needle  (Fig.  7-1),  which  is  paased  througb  tbe 
Tiuscles  previoiisly  sepnrated  from  the  spinous  processes  and  laminn?,  and  then 
'>etween  tbe  spinous  prot'csses  and  up  through  the  musclea  of  tbe  opposite  side, 
ohroraie  catgut  sutiiro-t  are  passed  at  the  rate  of  1  for  each  vertebra.  When 
theac  are  tied  (after  ali  are  in  sitn),  the  auiscles  are  held  sniiglv  againat  the 
spinoiia  processes  where  thev  beiong,  and  oozing  from  the  miiscle  is  controlled. 
Tbe  deep  aponeiirosis  is  closed  by  a  combination  of  intermpted  and  continuous 
cliromic  catgut  sutures,    The  skin  ia  closed  bv  silk  suturea. 


Fio.  77. — A  LnuBAR  Vehteuii*.  If  thp  rtmoval  of  bone  bo- 
lwceii  1  and  2  does  not  eivs  aufFicientapace,thereinov&lmBy 
ba  earried  out  to  line  3  hicludinu  the  iirtioulttr  proceM. 
Thia  si  ves  ample  cipoaure  and  haa  do  disagreeable  BequelEe. 

laid  during  the  course  of  tbe  operation  to  tbe  eseape 


No  d  ra  i  nago  ie  ever  iisoH. 
place  by  adheeive  piaster  utrapa, 


The  dreBsinjt  consiats  of  Btprile  prauze  piiJs  fixed  in 
which  cotton  !»  held  in  place  hy  a  bandage  or 
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binder.     No  attetnpt  ia  made  at  immobilizing  the  spine  by  plaster  or  other  t 
fiiation. 


Fatients  are  kept  in  bed  for  14  dajs  and  then  alIowed  to  get  about  graduallr. 

If  at  an^  time  during  the  course  of  the  operation  it  seetns  dcsirable  to  convert  tk 
procedure  into  a  bUatertU  laminectomi/,  thia  is  readiljr  accompliahed.      The  spinooi 


FlO.  7h         iNILATEHAL    LAM[^ 

ECTOHr 

FKOM 

Fio  79      S\M».  D  tm 

ErnoN  »  TH   Duha  Sfirt 

THE     D    iLi    TO     S    V-       Th. 

Iruve 

BT    0    'ill.K      SdTCRB    R» 

the    8|iiim1    raaiil  jii:it   alK 

level 

TRA  T<  RB    -^H     WI 

10  Cadda  E<join* 

*ith    tlw    Bliiiious  prcM^™ 

ol  the 

curre- 

aponding  verUibra. 

procesacs  may  Ijc  cliptKHl  <>ff  at  tlicir  bases  by  bon«  forceps  or  divided  b,7  saw,  and  th« 
the  apiiioiiM  prooi-ascs  uiid  thi'  muscles  ure  pushpd  over  no  ii9  to  rapose  the  lamine  of 
the  oi.iM>silf  side,  whic'h  ure  reniovf^  by  ibo  rongeiir  as  f.ir  us  neeesaarj, 

Advantages  and  Limitations. — \Vitli  the  special  tools  devised   fot   the  purp«*- 
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»peration  is  but  8lightly  more  difficult  and  8omewhat  8lower  than  the  ordinarj 
ectomy.  There  is  rather  less  hemorrhage  and  decidedly  less  damage  to  the  bony 
!tion  of  the  cord.  After  healing  has  occurred,  the  anatomical  conformation,  the 
lity  and  the  function  of  the  spinal  column  are  perfect. 

he  author  has  used  the  method  in  45  cases,  in  ali  parts  of  the  spine  from  the 
lervieal  to  the  seeond  sacral,  and  it  gives  a  very  satisfaetory  exposure.  Its  limi- 
ls  are  ehiefly  found  in  cases  of  tumor  so  large  as  not  to  be  safely  extractable 
?h  one  side,  and  in  cases  of  fracture  of  the  spine  involving  laminse  of  both  sides. 
3r  exploratory  purposes,  one  can  see  the  entire  dorsum  of  the  cord,  the  roots  of 
sidcs,  and,  with  very  slight  manipulation  of  the  cord,  can  espose  the  anterior 
>f  the  cord  on  the  side  of  the  operation. 


BIBLIOGRAPHT 

Pebifheral  Neeves 

Allison  and  Schwab.    Am.  Jour.  Orthop.  Surg.,  August,  1910. 
Beegeb,      Die   Chirurgie   der   peripherischen   Nerven,    Deutsch.    med. 

Wchnschr.,  1911,  xxxvii,  2292. 
Clask  and  Tatlor.    New  Treatment  of  Spastic  Paraljsis  by  Resection 

of  the  Posterior  Spinal  Nerve  Roots,  Areh.  Pediat.,  1909,  xxvi,  927. 
y and  Prout.     A  Study  of  Brachial  Birth  Palsy,  Am.  Jour. 

Med.  Se,  1905,  cxxx,  670,  707;  Jour.  Nerv.  and  Ment.  Dis.,  1905, 

zxxvii,  652. 
FoEBSTER,  Otfrid.     Indications  and  Results  of  Exci8ion  of  Posterior 

Spinal  Roots  in  Man,  Med.  Rec.,  N.  Y.,  1912,  xxxii,  916. 
,     Die  operative  Behandlung  gastrischer  Krisen  durch  Resektion 

hinterer  Dor8alwiirzeln,  Therap.  d.  Gegenw.,  Berlin,  1911,  lii,  337. 

Ueber  die  Beeinflussung  spastiseher  Lahmungen  durch  die  Resek- 


tion hinterer.      Riickenmark8wiirzeln,   Deutsch.   Ztschr.   f.    N"er\»enh., 
Leipzic,  1911,  xli,  146-169. 

Ueber  die  operative  Behandlung  spastiseher  Lahmungen  mittels 


Resektion  hinterer  Riickenmarkswiirzeln,  Therap.  d.  Gegenw.,  Berlin, 
1911,  lii,  13-18;  Beri.  klin.  \Vchnschr.,  1910,  xlvii,  1441-4;  Mitt.  a.  d. 
Grenzgeb.  d.  Med.  u.  Chir.,  Jena,  1909,  xx,  493-558;  Verliandl.  d. 
deutsch.  Gesellsch.  f.  orthop.  Chir.,  XI,  Kong.  Stuttgart,  1912,  269-81. 
Resection  of  the  Posterior  Spinal  Roots  in  the  Treatment  of  Gas- 


tric  Crises  and  Spastic  Paralyses,  Proč.  Roy.  Med.  Soc,  London,  1911, 

iv,  Surg.  Section,  226-254. 
FoERSTKR,  O.,  and  Kuttner.     Ueber  operative  Behandlung  gastrischer 

Krisen  durch  Resektion  der  7-10  hinterer  Dorsahviirzeln,  Beitr.  z.  klin. 

Chir.,  1909,  lxiii,  245 ;  Allg.  med.  Centr.-Ztg.,  1909,  lxxviii,  189. 
Frazier,  C.  TI.    Intradural  Root  Anastomosis  for  the  Relief  of  Paralysi8 

of  the  Bladder,  and  the  Application  of  the  Same  Method  in  Other 

Paralytic  Affections,  Jour.  Am.  Med.  Assn.,  1912,  lix,  2202. 
40 


610  UNILATERAL    LAMINECTOMV 

12.  Fkaziee,  C,  H.     Supraclavicular  Subcutaneous  Lesions  of  the  Bradual 

Plexu8,  in  a  Čase  of  Avulsion  of  the  Anterior  aiid  Posterior  Spinal 
Roots,  Jour.  AiTL  Med.  Assn.,  1911,  Ivii,  1957. 

13.  KiLviNGTON,  B.     Lecture  on  Surgery  of  the  Nerves,  Intercolonial  Mei 

Jour.  Australasia,  1909,  xiv,  521-539. 

14.  KoLi.iKEE.    StoiTePs  Operation,  Zentralbl.  f.  Chir.,  1913,  xl,  1372. 

15.  LuxEMBOURG.     The   Operative   Treatment  of   Traumatic    Paraljsis  <rf 

Peripheral  Nerves,  Deutsch.  Ztschr.  f.  Chir.,  cxxiii,  Nos.  5  and  6. 

16.  ScHiLLER,  K.    Treatment  of  Spastic  Paraljsis  by  Peripheral  Uerve  Be- 

section,  StoffeFs  Operation,  Budapest  Orv.  Rjsog.,  1912,  x,  433. 

17.  Sherren,  j.    Injuries  of  Nerves  and  Their  Treatment,  London,  1908,  J. 

Nisbet  and  Co. 

18.  Spitzv,    d.    h.      Fortschritte    auf    dem.    Grebiete    der    Chirurgie   der 

peripheren  Nerven,  Allg.  wien.  med.  Ztg.,  1911,  Ivi,  83-95. 

19.  Stoffel,    a.      Die   Technik   meiner   Operation  zur   Beseitigung   spas- 

tischer  Lahmmigen,  Verhandl.  d.  deutsch.  Gesellsch.  f.  orthop.  Chir., 
xi,  1912,  1-22,  38-54. 

20.  Taylor,  a.  s.     Causes  Underlving  Prolonged  Loss  of  Function  in  Cer 

tain  Injuries  about  the  Shoulder  Joint,  Med.  New8,  1905,  lxxxvi,  1013. 

21.     .     Cases  Illustrating  Results  of  Periph.  Nerve  Anastoniosis,  Jour. 

Nerv.  and  Ment.  Dis.,  1906,  xxxiii,  588. 

22.     .     Results  from  the  Surgical  Treatment  of  Brachial  Birth  Palsj, 

with  a  Note  on  the  Pathologj  by  T.  P.  Prout,  Jour.  Am.  Med.  Assn., 

1907,  xlviii,  96-104. 

23.     .     Nerve  Bridging:  One  Successful  Čase,  Jour.  Am.  Med.  Assn., 

1908,  1,  1029-32. 

24.     .     Vo]kmann's  Ischemic  Paraljsis,  Ann.  Surg.,  1908,   xlviii,  394 

408. 

25.     .     Contribution  to  the  Surgerv  of  the  Peripheral  Motor  Nerves,  Am. 

Jour.  Orthop.  Surg.,  1908-9,  vi,  210. 

26.     and  Casamajor.     Traumatic  Erb'3  Paralysis  in  the  Adult,  Ano. 

Surg.,  1913,  Iviii,  577,  683. 

Cranial  Nerves 

27.  Abbe,  Robert.     Surgery  of  the  5th  Cranial  Nerve  for  Tic  Douloureui, 

Jour.  Am.  Med.  Assn.,  May  5,  1900. 

28.  Alderton,  II.  A.     Some  Facts  Pertaining  to  the  Surgical  Anatomy  of 

the  Faeial  Nerve,  Trans.  Am.  Otol.  Soc.,  1907,  x,  556. 

29.  Brockaert  and  dk  Bkulk.     La  rcsection  physio]ogique  du  ganglion  de 

Gasser:    technique,  J.  de  Chir.  et  Anat.  Soc.  Belge  de  Chir.,  BnULi 
1900,  ix,  208-213. 

30.  f-AMi»BELL,  W.  F.     The  Surgical  Anatomy  of  the  Gasserian  Oasf^kii 

with  Special  Reference  to  the  Deep  Injection  of  the  Nerve  P^ 


BTBT.IOGRAPHT 


Trifiicjiii!    Nfliiralgiii,    \.    V.    State    Jour.    ni    Med.,    N.    T.,    1»10, 

X,  15-18. 
Cates,  B.  B,     a  New  Metliod  of  Dealing  with  the  Periplieral  Braiiehea 

of  ihe  r>th  Cranial  Nerve  in  Tie  Douloureux,  Boston  Med.  and  Surg. 

Jour.,  1013,  clxviii,  384. 
Clark,  L.  P.,  and  Tavia>r,  A.  S.     Tic  Doiiloureux  of  the  Seusorj  Fila- 

mouts  of  the  Gcniculate  GanglioD :  Operation ;  Recovery,  J.  Nerv.  and 

Ment.  DiH.,  1910,  xxxix,  242. 

,  — — .    Jour.  Am.  Med.  Assn.,  Dec.  25,  1909. 

CcauiNG,  H,     A  Method  of  Total  Extirpation  of  the  GasBerian  GangHon 

for  Trigeiiiiiial  Neiiralgia. 
.     The  Kcnsory  rUstribiition  of  the  5th  Cranial  Nerve,  Johus  Hop- 

kins  Hrap.  Biill.,  Vol.  xv.  Nos.  IfiO-lfil,  Jiil.y,  Aiig.,  1904. 
-.    Kt^niarks  oii  Some  Fiirther  Moditicatioim  in  the  Gasserian  Ganglion 

Operation   for   Trigeniinal   Noiiralgia    (Seusorv  Root  Eviilsion),   Tr. 

South.  Hnrg.  and  Ovnec.  Absu.,  1906. 
— —.     Renjurks  on  the  Surgical  Treatment  of  Facial  Paraivsia  and  of 

Trigeminal  Neuralgia,  Tr,  Am.  Surg,  Asen.,  1907. 
Desch,  E.  b.     Division  of  the  Auditory  Nerve  for  Persisteiit  Tinnitua. 

Operation.  Recoverv.  Interstate  Med.  Jour.,  St.  Louis,  1912,  xix. 
Edes.  R.     IJeber  die  chirurg.  BehandUing  der  periph.  Facialislahmung, 

Beitr.  z.  klin.  ChJr.,  1911,  Ixxiii. 
FiiBBRiNoEH,  F.     Zur  Kasiiietik  der  Extirpation  des  Ganglion  GaBseri 

w^;en   Trugeminus  Neuralgie,   Erlangen,   Numberg,    1910,   B,   Hitz 

50,  p.  80. 
Hdnt,  j.  R     The  Sen8ory  SyBtem  of  the  Facial  Nerve  and  Its  Sjmp- 

tomatologv,  Jour.  Ophth.  and  Oto-Larvngol.,  iv,  89-93. 

.    Jour.  Nerv.  and  Ment.  Dis.,  February,  1907. 

EoBTE,      One   Čase   of   Faciohjpoglossal    Anastoniosis,    Deuteoh.    med. 

Wchn8chr.,  April  23,  1903. 
Kb.\U8E,  F.     Die  chirurg,  Behaudl.  der  Tngeininus  Neuralgie,  Neurol. 

Centralbi.,  1910,  xxiv,  1161-68. 
KcMMER,  E.     T)u  traitemeiit  chirurgical  des  ne\Talgies  du  trijumeau, 

Rev.  ni('d-  de  la  Suiase  romande,  1910,  xxx,  539-46. 
Mills,  C.  K.     The  Seusorv  FunctiouB  Attributed  to  the  Seventh  Nerve, 

Jour.  Nerv.  and  Ment.  Dis.,  1910,  xxx\'ii,  273. 
Otto,  k.     Vergleichende  TTnteran(!hunf!;en  iiber  die  Erfolge  der  ehirur- 

gischen  Behandlungainethoden  hci  Trigeminiisneuralgie  (mit  besondere 

Benicksiehtigiuig  der  Alkohol  in  jectiou  na^h  OEFerhaus.),   Mitt.  a.  d. 

Grenzegeb.  d.  Med.  u.  Chir.,  1912,  xxv.  78-99. 
Pats,  e.    Durchtrennung  des  TrigeminueBtammea  bei  Trigeminusneural- 

gie,  Vereinsheil,  d.  deutBch.  niediz.  Wochn..  19.^6,  Nos,  21-23. 
Patrick,  h.  F.     Seventv-fivG  Tnacs  of  Trifacial  Neurnlgia  Treated  by 

Deep  InjeetiouB  of  Alcohol,  Jour.  Am.  Med.  Assn.,  liii,  1987-92. 


612  UNILATERAL   LAMINECTOMT 

50.  Patbick,  h.  F.    Three  Cases  of  Facial  Spasm  Treated  by  Injections  of 

Alcohol,  Jour.  Nerv.  and  Ment.  Dis.,  xxxvi,  No.  i,  Jan.,  1909. 

51.  Pfungst,  a.  o.     The  Course  of  the  Facial  Nerve  through  the  Petrous 

Bone  and  the  Significance  of  Its  Injury. 

52.  SciiACHNEE,  A.     Peripheral  Operation  for  Trigeminal  Neuralgia,  Ken- 

tucky  Med.  Jour.,  1910,  viii. 

53.  Taptas,  t.    Les  Injections  d'alcool  dana  le  ganglion  de  Gasser  a  traven 

le  trou  ovale,  Presse  med..  Pariš,  1911,  xix,  798. 

54.  Taylor,  a.  s.     Special  Instruments  for  Faciohypoglossal  Anastomosis, 

Med.  Rec,  Mar.  4,  ^05. 

55.     .     Trifacial  Neuralgia;  Section  of  Postr.  Root  of  the  5th  Nerve 

Proximal  to  the  Ganglion  Cure,  Ann.  Surg.,  1912,  Iv,  905-7. 

56.  Taylor,  a.  s.,  and  Clabk,  L.  P.     The  Surgical  Treatment  of  Facial 

Paraljsis :   With   Technique  of  Faciohypoglossal  Anastomosis,  Med. 
Rec.,  1904,  lxv,  34-5. 

57.     , .    Results  of  Faciohypoglossal  Nerve  Anastomosis  for  Facial 

Palsy,  Jour.  Am.  Med.  Assn.,  1906,  xlvi,  856. 

58.  '• ,  .     True  Tic  Douloureux  of  the  Sensory  Filaments  of  the  Fa- 

cial  Nerve,   Cured  by  Physiological  Extirpation  of  the  Geniculate 
Ganglion,  Jour.  Am.  Med.  Assn.,  1909,  liii,  2144. 

59.  Tbendelenburg,  F.,  and  Engenbbodt.     Chirurgische  Krankheiten  der 

Gesichtsnerven. 

60.  Weidler,  W.  B.     Keratitis  Neuro-paralytica  after  Removal  of  the  Gas- 

serian  Ganglion,  N.  Y.  State  Jour.  Med.,  1912,  xii,  558-63. 


CHAPTEB   XIV 

OPERA.TI0NS   UPON   THE    MUSCLES,   TENDONS,   BURS^   AND   PASCLaS 

Abthub  Setmoub  Vosburgh 
THE  MUSOLES 

INJUBIES  OF  THE  BCUSCZiES 

Conditions  calling  for  operative  interference  in  diseases  of  the  muscles 
are  rare.  The  surgeon  is  more  often  called  upon  to  treat  wound8,  subciitaneous 
injuries,  hemia  and  niptures  of  muscles. 

Snbontaneons  Injnries  of  Mnsoles. — Subcutaneous  injuries  of  muscles  result 

from  extemal  violence  or  from  muscular  action.     The  lesions   vary  from 

the  tearing  of  a  few  fibers  to  the  rupture  of  the  entire  muscle  belly.     The 

predisposing  causes  are  degeneration  of  the  muscle  from  any  cause,  such  as 

typhoid,  disuse,  and  chronic  alcoholism.    The  lesser  degrees  of  muscle  tears  are 

quite  common,  and  aside  from  the  pain  and  inconvenience  experienced  during 

the  period  of  repair,  cause  no  permanent  disabilitj.     The  sufferer  from  such 

an  injury  should  ha  ve  the  part  firmly  strapped,  and  should  be  encouraged  to 

iX8e  the  injured  member  as  much  as  possible.     Prolonged  rest  of  the  part  is 

tJie  worst  treatment  that  can  be  employed,  as  it  greatly  lengthens  the  period 

f  convalescence.     The  amount  of  exercise  to  be  employed  each  day  should 

measured  by  the  surgeon.    If  not  followed  by  pain,  persisting  for  some  time 

fter  discontinuance  of  the  exercise,  the  limb  has  not  been  too  much  used. 

epair  takes  plače  through  organization  of  the  blood  clot  filling  the  gap  in 

^le  tom  muscle. 

Hemia  of  Muscles. — This  is  a  rare  lesion  of  muscles.     It  occurs  most 

^iften  in  the  recti  and  the  adductors,  their  fascial  sheaths  having  been  tom  by 

^irect  violence,  by  muscular  action,  or  from  some  slight  exertion  in  one  suf- 

^ering  from  disease,  such  as  typhoid.    The  underlying  muscle  often  shares  in 

the  injury.    Eecognition  of  the  injury  from  the  history  and  the  presence  of  the 

^aracteristic  physical  signs  is  easy.    Repair  of  the  tear  in  the  muscle  should 

be  made,  as  well  as  suturing  the  rent  in  the  sheath. 

Bnptnre  of  Muscles  in  the  Arm  and  Leg  as  the  Eesult  of  Muscular  Violence. 
— Muscular  violence  is  the  most  common  cause  of  rupture  of  muscles  in  the  ex- 
tremities.    The  origin  or  insertion  of  a  muscle  may  be  tom  loose,  or  the  tear 
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inay  exten(l  across  the  belly  of  the  miiscle.    Kestoration  of  function  is  not  poen- 
l)lc  withoiit  resort  to  operative  measures. 

The  muscles  moRt  f  roqueiitly  ruptured  in  the  arm  are  the  biceps,  its  lon^  or  ahmt 
head  or  its  attachment  to  the  tuberele  of  the  radius ;  the  coracobrachialis ;  and  the  hog 


Fio.    1. — Relaxino    Sutures:     Distamt 

AND    MaTTRESS. 


Fio.    2. — Dibtant   Sutubb: 
MEDiATB  Sutubb. 


head  of  the  triccps.    If  these  injuries  are  not  to  be  foIlowed  by  marked  weaknefl8  and 
lo88  of  function,  operative  interference  is  imperative. 

The  procedure  to  bo  followed  in  a  given  čase  will  be  determined  by  the 
nature  and  location  of  the  injurj.    Rupture  of  a  muscle  belly  calls  for  suture. 

This  is  bost  done  with  chromic  gut, 
using  2  varieties  of  suture :  distant,  for 
relaxation;  and  immediate,  for  accu* 
rate  adjustment  of  the  divided  ends. 
The  distant  sutures^  utilizing  the  faa- 
cial  sheath,  embrace  large   massea  of 
nuiscle,   thiis   oflFering    better    holding 
qiialities;    and    are    therefore    used, 
wherever   possible,    for    bringing   the 
onds  of  the  muscle  together  and  hold- 
ing the  immediate  lino  of  suture  re- 
laxcd.    The  mattress  suture  is  the  best 
for  this  purpose.     The  immediate  su- 
ture,   continuous   or   interrupted,   se- 
cures  close  alignment  of  the  muscle. 
Where  the  tendon  of  a  muscle  is  tom 
from  its  origin  or  insertion,  it  is  best 
secured  by  suturing  it  under  a  flap  of 
periosteum,  or  securing  it  by  1  or  ž 
chromic   gut   sutures  passed   through 
holes  drilled  in  the  bone. 

Fia.  3. — Rupture  of  Inner  Belly  of  Rigut  t     mi     t        ^t  ^  .m  .»_ 

GA8TROCNEMIU8.  ^^  ^'^^  ^^Sf,  thc  musclo  most  treqximuj 

tom  is  said  to  be  the  plantaria,  rerahiaf 
in  what  is  called  "tennis  players'  leg."    As  the  pain  from  this  alleged  iiijuiy  is 
situuted  in  the  lower  part  of  the  leg,  where  this  muscle  is  tendinous,  theve  it  jSAl 
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dnubt  that  the  plantaria  ie  alwa7B  at  fault.  The  gaatrocnemius  and  soleus,  aleo  of  the 
eup^rficial  group,  maj  have  their  fibera  tom  and  be  reapousible  for  the  B^mptoma  com< 
inonlj  laid  at  the  door  of  the  plantaris.  There  is  no  proof  that  the  tibialis  posticus  and 
the  long  flexors  of  the  toea  and  of  the  big  toe  mar  not  at  timea  be  tom  and  ^ive  rise 
to  the  Bjfmptom-complei. 

Proof  is  Dot  fllwa7B  at  band,  but  tbe  accompan^ing  figure,  made  from 
a  picturo  of  an  actual  condition,  Bhow8  that  tbe  gaatrocnemiuB  may  be  tbe 
tom  tnuscie,  producing  the  train  of  8ymptom8  U8ually  ascribed  to  tbe  plantaris. 
Treatmcnt  has  been  indicated  above. 

Snbcata&eoiu  Rnptnre  of  Kuaolet. — Subcutaueous  rupture  of  a  muacle  ac- 
companying  fractures  and  dialocations  is  but  a  minor  part  of  the  lesion  and 
receives  attention  on]y  wben  an  open  operation  ie  undertaken  for  repair  of 
tbe  principal  injury.  Open  vounda  of  muscles,  resulting  from  tranma  or  in- 
volvinp  laceration  of  the  soft  parts,  or  occurring  in  tbe  course  of  an  operation, 
are  treated  along  the  lines  laid  down  for  suture  of  inuscle. 

DISEASBS    OF    HUSOLES 


Degreneration   and  AtTophy  of  KnnlM. — Degeneration  of  muscle8  occura 
from  prolonged  intoxication,  in  sepsia,  tuberculosis  and  typhoid,  and  cbronic 

poisoning  from  lead  and  alcobol.     Re-  

generation  can  take  plače  on  recoverj 
from  diseaBe,  aa  ia  seen  in  typboid  casea, 
exhibiting  that  form  of  waxy  degenera- 
tion  known  as  Zenker'8. 

Atrophy  of  muscles  may  occur  from 
diause,  OTerwork,  malnutrition,  and  cut- 
ting  off  of  their  nerve  8upply,  or  may  be 
of  tbe  pbyaio1ogical  or  aenile  type. 

Tbe  treatment  of  tbe  fonns  aiiB- 
ceptible  to  improvement  consists  in  tbe 
removal  of  the  cauee  and  tbe  use  of 
massage,  electricity,  hydrotberapy  and 
exerci8e.  In  caaea  where  tbe  muacle 
atropbiea  from  boing  deprived  of  its 
nerve  supptv — the  nerve  being  tom  aa 
the  result  of  aome  injury,  involved  in  a 
callus  during  tbe  repair  of  a  broken 
bone,  compressed  in  a  maas  of  scar  tis- 
BUfl,  or  accidentally  divided  in  the 
course  of  an  operation — retnni  to  nor- 
mal,  and  relief  from  par^f' 
flntore  of  Uie  nt 


Fio.  4. — Paraltois  op  Trapeiiub.  Ooublc. 
foUowui8  Derve  section  in  removal  of  oervic«! 
lymph  nodee;  diagmniDatia. 


even  after  long  periode  of  tirne,  1>y 
«  from  tiie  strnotures  thct  aom- 
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yolkinann'8  Ischemic  Contracture. — Volkmann  and  Leser  describe  a  condi- 
tion  in  the  muscles  following  injurj,  occurring  most  often  in  the  forearm,  but 
sometimes  in  the  leg,  and  resulting  in  the  speedj  degeneration  of  the  muscles 
involved. 

The  injury  most  frequent]y  causing  this  condition  is  a  fracture  of  the  humerus 
near  the  elbow,  or  a  fracture  of  the  bones  of  the  forearm,  in  some  way  interfering  with 
the  arterial  blood  8upply.  In  this  manner,  together  with  the  application  of  too  tight 
splints  (though  in  some  of  the  eases  these  have  not  been  used),  a  condition  of  ischemia 
is  brought  about,  inducing  a  speedy  degeneration  of  the  muscles  deprived  of  their 
arterial  blood. 


Efforts  to  produce  this  condition  experimentally  have  not  been  successful, 
yet  when  we  consider  that  the  muscles  are  the  most  highly  specialized  tissues 

in  the  extremitieSy  it  seems  a  rea- 
sonable  inf erence  that  they  should  fol- 
low  the  nile  of  aH  tissues  cut  off 
f rom  their  blood  supply ;  i.  e.  the  more 
highly  specialized  the  tissue,  the  more 
quickly,  when  deprived  of  blood,  doe8 
it  show  degenerative  changes.  That 
the  condition  is  not  due  to  nerve  in- 
jury,  is  proved  by  the  failure  to  demon- 
strate  disease  of  the  nerves  in  the  eases 
examined,  and  to  the  very  prompt  de- 
velopment  of  the  hard,  indurated  mus- 
cle  masses  (often  occurring  withiii  24 
hours)  which  is  the  characteristic  lesion 
of  this  condition.  That  it  is  not  an  ex- 
tension  to  the  muscles  from  the  pres* 
sure  spots  seen  in  the  skin,  is  shown  by 
the  f  act  that  the  induration  in  the  mus- 
cles occurs,  at  times,  remote  from  the  skin  lesion. 

The  secondary  deformities  and  the  paralysis  of  distant  groups  of  muscles 
are  the  result  of  the  contracture  of  the  degenerate  muscle  mass.  The  short- 
ened  and  functionless  muscles  cannot  be  extended,  and  the  fingers  are  held 
flexed  in  the  palm.  If  the  wrist  is  flexed,  the  fingers  can  be  extended.  If 
the  wrist  is  extended,  the  fingers  are  drawn  back  into  their  former  position 
of  flexion. 

The  paralvsis  of  the  muscles  of  the  thenar  and  hypothenar  groups  eomes 
later,  due  to  the  compression  of  the  median  and  ulnar  nerves  as  thev  traverse 
the  indurated  and  contracting  muscle  mass  in  the  forearm.  These  are  not  a 
part  of  the  lesion,  but  the  natural  con8equence  of  compression  of  nerve  trunb 
traversing  contracting  scar  tissue. 

TREATMENT. — Treatment,   to  be  intelligent,  must  be  carried  out  with 


Fio.  5. — Anterior  View  of  Figure  4. 
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two  conditions  in  miiid:  Ihe  one,  the  degenerated  niuBcIe  mass;  the  other,  the 
■paralyfli8  of  distaut  groups  of  musclea  due  not  to  the  original  lesion,  but  to 
nerve  compression  by  secondurv  coiitraetion  of  scar  tissue  in  the  transfonned 
or  degenerated  rauaclea.  No  niles  can  be  laid  dowTi  as  to  procedure,  as  each 
rCBse  must  be  judged  by  itaelf.  It  might  be  thoiight  that  prevention  would 
'be  tbe  best  treatment,  While  not  mininiizing  for  a  moment  the  iraportance  of 
esercising  the  utmost  čare  in  the  application  of  eplints,  especiaI1y  those  en- 
oircling  an  extreinity,  there  seema  to  be  pienty  of  evidence  that  this  condition 


Tia.  6.—Vauuu.i 


ia  the  resiilt  of  a  combination  of  nnfortunate  8equenees — iinfortunate  in  that 
they  occnr  close  together — rather  than  the  reault  of  improper  treatment  on  the 
part  of  the  aurgeon. 

Not  ali  cases  aro  of  like  severitj.  In  those  where  much  muacle  tiaaue  haa 
undergone  degenerative  changea,  the  prognosia  is  bound  to  be  had.  In  the 
lesser  degrees  of  the  lesion  miich  can  be  accomplished  by  cfforta  at  continuoua 
tractioD,  massage,  hydrotherapy  and  the  »se  of  electricity.  Volkniann  ad- 
.  Tised  the  atretching  of  the  muecles  iinder  an  anesthetic.  Thia  waa  eeidom 
follovved  by  pcrmanent  improvcment.  Attcmpta  to  improve  the  poaition  of 
(be  hand  and  diminish  the  dcformity  by  lengtliening  the  tcndona,  reaecting 
the  boncs  of  the  forearm,  and  dividing  tho  tendons,  have  been  undcrtaken. 
Divisioa  of  the  tendons  gives  no  actnal  rcHef.  Resection  of  the  bones  of  the 
forearm,  whi]e  accompanied  bv  the  riak  of  non-union,  can  onIy  diminiah  the 
deformity  and  do  iittle  to  help  function,  as  it  renders  the  musclea  on  the  back 
of  the  forearm  too  long  and  in  no  way  cnrrects  the  paralvsis  of  tho  degenerated 
.group.     Lengthenlng  the  tendons  waa  the  oni;  meaBure,  among  the  earlier 
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operations,  attended  by  any  degree  of  success.  Drehmann  in  1904  tried  to 
dissect  out  the  imprisoned  nerves.  He  divided  the  sclerosed  muscles,  length- 
oned  them  and  sutured  them  to  the  healthj  flexor  profundus.  Bardenheuer, 
in  1006,  and  Hildebrand,  in  the  same  jear,  dissected  through  the  acar  tissae 
and  frecd  the  nerves.  Bardenheuer  "dissected  off"  the  contracted  muacles 
and  freed  the  nerves.  Hildebrand,  Ferguson,  Powers,  Quinby,  and  Cushing 
dissected  out  the  nerves,  in  some  cases  transplanting  the  nerves  from  their 
bod  to  beneath  the  skin  and  superficial  fascia. 

The  procedures  to  be  undertaken  in  an  individual  čase  must  depend  upon 
its  peeuliar  features.  Estimating  the  degree  of  involvement  of  the  mi^Ies  in 
the  priniarv  lesion,  recognizing  what  groups  of  muscles  remain  uninjurei 
which  could  be  utilized  to  attach  the  tendons  of  paralyzed  muscles  to  those 
haviug  similar  fuuction,  noticing  what  nerves  must  be  freed  to  restore  fonc* 
tiou  iu  distant  groups  of  muscles  reudered  useless  by  the  compression  of  their 
iu>r>'t>  truuk^  truN^ersing  the  cicatricial  mass,  will  determine  just  what  steps  are 
lUHHHjt^rv  to  improN^e  the  coudition. 

LiU^ration  of  the  nerves  should  b^n  in  healthy  tissue  on  the  prosimal 
iniUtk  ixf  th^  l<!^oii ;  the  nerves  are  thus  more  easily  f ollowed  through  the  dense 
vKH*trix  of  the  muscles.  To  correct  the  deformity,  lengthening  of  the  tendons 
\Kf  the  iii>^>l\'ed  muscles  and  their  transplantation,  in  whole  or  in  part,  to 
l^uU\ui^  vvf  muscles  uninvolved,  having  similar  function,  should  be  undertaken. 
Time  i^  an  element  to  be  considered,  as  most  of  those  suffering  from  this  con- 
iUtivui  are  voung  subjects.  It  is  inadvisable  to  attempt  too  much  at  a  single 
e|H*ratunK  It  would  seem  better  to  follow  the  nerves  through  the  cicatrix, 
H^vtiu^  and  suturing  when  necessary,  longitudinally  dividing  the  sheath, 
fviHUiig  the  axis-cylinder8  if  there  is  scar  tissue  within  the  sheaths,  and  placing 
tlio  iiorvos  beneath  the  superficial  fascia. 

A  HtH»ond  operation  for  the  relief  of  the  contractures  and  deformity,  and 
(iiiul(»n  transplantation  for  the  reestablishment  of  function,  should  be  under 
tuktui  if  those  cannot  be  accomplished  within  reasonable  time  at  the  first  opera- 
tion. Tho  after-treatment  of  these  cases  is  most  important,  and  if  not  pains- 
iukinglv  carried  out,  ali  benefit  from  the  operative  procedures  will  be  lost 
It  blioiild  consist  in  active  and  passive  movements,  massage,  use  of  the  faradic 
(Mirnint,  and  hydrotherapy.  These  measures  must  be  carried  out  for  montb 
tii  «(^(nire  the  full  benefit  from  the  operative  work. 

Inflammation  of  Muscles. — Simple  myosiiis  is  usually  the  result  of  trauma, 
mihI  hj^iii/!;  a  sta^e  in  the  process  of  repair,  calls  for  no  operative  treatraent 

Suppuralive  myositis  occurs  in  2  ways:  (1)  where  the  infecting  pyogenic 
or^anisnis  reach  the  muscle  through  some  wound  or  from  some  neighboring 
H(;uto  phlcgmonous  inflammation  of  the  skin  and  subcutaneous  tissue;  (2) 
vvhero  the  organism  is  carried  by  the  blood  stream  in  the  acute  infections 
diseasos,  such  as  pyemia,  typhoid,  etc.  As  the  muscle  tissue  itself  is  very 
resifitant,  the  interstitial  tissue  is  found  to  be  the  site  of  the  celi  proliferation 
»nd  accumulation  of  pus  cells.     The  pressure  thus  produced  interferes  with 
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the  nutrition  of  the  muscle  bundles,  and  they  undergo  granular,  fatty,  or 
hyalin  degeneration.  The  process  may  be  so  intense  that  the  muscle  bundles 
disintegrate  and  gangrene  oceurs.  The  process  may  limit  itself  to  the  forma- 
tion  of  1  or  more  larger  or  smaller  abscesses,  or  the  process  may  involve  the 
entire  muscle. 

Recovery  in  the  majority  of  the  cases  of  moderate  severity,  and  in  those 
not  overwheImed  by  the  8y8temic  disease,  oceurs  by  the  evacuation  of  the  pus, 
either  8pontaneously  or  surgically;  and  some  restoration  of  function,  by  the 
formation  of  granulation  tissue  between  the  muscle  fibers,  takes  plače. 

TREATMENT. — Treatment  should  be  directed  to  the  termination  of  the 
inflammatory  process  by  early  incision,  thus  limiting  as  far  as  possible  the 
destructive  tendencies  of  the  disease,  and  promoting  nature'8  eflForts  at  repair 
by  supporting  measures.  Operative  interference  should  be  confined  to  early 
and  wide  incision;  scraping  and  cleaning  such  an  abscess  cavity  is  unneces- 
aarv,  as  once  the  pus  is  evacuated  and  pressure  relieved  nature  will  restore 
much  that  at  the  tirne  looks  beyond  repair. 

Acute  parenchymatous  myositis  (or  polymyositis  hemorrhagica)  and  der- 
matomyositis  are  forms  of  disease  but  rarely  seen,  and  their  causes  are  but 
little  understood.     Their  treatment  is  purely  empirical. 

Tnbercnlosis  of  Mnsoles. — The  two  varieties  of  muscle  disease  due  to  the 
presence  and  growth  of  the  tubercle  bacillus  diflFer  more  in  the  method  of 
invasion  than  in  any  essential  difference  in  type.  One  type  of  the  disease 
is  an  extension  from  some  neighboring  tissue  or  organ.  In  the  other  type  the 
disease  seems  to  be  "primar^  in  the  muscle.  Tuberculosis  of  a  muscle  is 
an  infiltration  and  replacement  of  the  connective  tissue  stroma  by  tubercle 
tissue,  often  with  the  products  of  inflanunation  added.  The  muscle  tissue 
itself  is  pushed  aside  and,  compressed,  undergoes  atrophy  or  waxy  or  hyalin 
degeneration  and  may  finally  be  entirely  destroyed.  The  tubercle  tissue  goes 
through  the  various  stages  of  its  formation,  development,  degeneration,  and 
final  destruction ;  or  if  suiBcient  resistance  on  the  part  of  the  host  is  developed, 
it  is  transformed  into  connective  tissue  or  is  encapsulated.  It  is  immaterial 
whether  the  exciting  agent,  the  tubercle  bacillus,  reaches  the  muscle  from  some 
nearby  focus,  or  is  carried  to  the  muscle  by  the  blood  from  a  distant  part  of 
the  body — the  disease  is  the  same.  In  the  second  form  the  diagnosis  may  be 
delaved  and  treatment  instituted  too  late  to  save  the  muscle  from  destruction. 

TREATMENT. — In  the  discussion  of  the  nature  of  this  disease  and  its  de- 
velopment, it  was  noted  that  the  tuberculous  tissue  grows  in  the  connective 
tissue  stroma;  that  it  destroys  the  muscle  fibers  themselves  only  through  the 
effects  of  pressure,  causing.them  to  undergo  waxy  and  hyaline  degeneration, 
because  of  the  diminished  blood  supplj.  The  indication  for  treatment  is, 
therefore,  plain.  When  the  diseafe  in  tha  muade  is  8eoondary  to  tuberculosis 
of  bone,  articulation,  or  ^  ^  the  primary  lesion  is 

essential ;  otherwiae  omscle  will  be  fol- 

lowed  bj  a  reoum  ^'be  ^rimaij,*^ 
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baving  originated  f rom  some  undiscovered  focus  el8ewhere  in  the  body,  throu^ 
the  medium  of  the  blood  stream,  the  careful  removal  of  the  entire  mnscle  is 
probably  the  best  procedure. 

It  is  unnecessarj  to  describe  the  precise  steps  to  be  taken,  as  the  condi- 
tions  calling  for  interference  are  too  numerous  to  waiTant  an  attempt  at  detailed 
discussion.  Where  an  abscess  or  sinus  has  formed,  its  complete  removal  \& 
indicated  whenever  possible.  Where  the  anatomic  conditions  preclude  this 
posHibi]ity,  the  abscess  should  be  opened,  its  contents  evacuated^  and  its  cavitj 
filled  with  an  emulsion  of  iodoform  in  glycerin.  The  wound  should  be  dosed 
and  Hoaled  with  an  aseptic  dressing,  and  the  part  immobilized. 

It  nmy  bo  necessarj  to  repeat  this  procedure.  It  should  never  be  forgotten 
that  ono  niav  prevent  the  infection  of  the  wound  by  pyogenic  organisms  throu^ 
the  exerci8(i  of  great  precaution  in  the  performance  of  these  operations.  In- 
ability  to  pursuo  oither  of  the  above  courses  compels  one  to  adopt  other  methods 
of  treutnioiit  of  tuberculous  lesions,  such  as  removal  of  as  much  of  the  diseased 
tiHHUO  as  ]H)saibley  sterilization  of  the  tract  or  cavity  with  tincture  of  iodin, 
and  trtmtinent  of  it  as  an  open  wound. 

Anotlu»r  inothiHl  that  has  ^riven  very  excellent  results  in  the  hands  of  its  originator 
ttiul  inany  othors,  t^peeially  for  the  ramifying  sinuses  about  a  tuberculous  articuktion, 
in  tlmt  do8iTilH»d  by  Emil  G.  Beck. 

Ikvk  injoots  the  sinuses  with  a  mixture  of  bismuth  subnitrate  and  vaselin 
in  tho  pn>portion  of  33  per  cent.  of  the  bismuth  to  66  per  cent.  vaselin.  This 
ni  i  xt  uro  is  tirst  rendered  sterile,  and  is  then  liquefied  before  use  by  heating. 
Tho  injtvtion  of  the  paste  is  made  through  a  small  incision,  which  allows  the 
evacujition  of  lar^r  particles  of  tuberculous  debris  than  could  be  passed 
tlirougli  a  trocar  or  aspirating  needle  and  assures  the  operator  that  he  has  en- 
tered  the  sinus.  In  cold  abscesses  Beck  advises  the  use  of  10  per  cent.  bis- 
niuth  and  vaw;lin  paste.  The  danger  of  this  procedure  is  in  bismuth  poisoning- 
Sliould  HvmptoniH  of  pf)i8oning  appear,  the  paste  must  be  removed  by  wa8hiiig 
out  the  favitv  with  warm  olive  oil.  The  sterile  oil  is  retained  from  12  to  24 
hour«,  in  ord^^r  Ut  make  an  emulsion  and  is  then  withdrawn  by  means  of  suction. 

The  čare  of  tiiU^rculous  patients,  whether  suffering  from  surgical  or  general 
tul>erculoHiK,  Hhonid  include  fresh  air,  sunshine  and  proper  hygiene.  The 
use  of  heliotherapv,  as  praeticed  by  Rollier  in  his  children^s  clinic  at  LevsiOj 
is  one  of  the  l>eHt  examples  of  the  benefit  obtained  by  the  action  of  sunshine 
in  combination  with  proper  surgical  treatment. 

Actinomjcosis  of  Muscles. — This  has  been  discussed  at  considerable  length 
in  the  chapter  on  Inflammations  of  the  Abdominal  Wall,  and  a  further  elabora- 
tion  of  the  snbject  in  this  chapter  is  unnecessarv. 

Hydatid  Disease  of  Muscles. — This  snbject  has  also  been  discussed  in  the 
chapter  on  Inflammations  of  the  Abdominal  Wall. 

Sjrphilis  of  Muscles. — In  both   the  congenital  and  the  acquired  forms  of 


this  diBease,  iuvolvemcnt  nf  the  muscles  tiikes  plače.  The  most  coiiimoa  form 
is  the  development  of  giiiiimata  in  the  coiinective  tiasue  planeš  of  the  niuaclea. 
Tlieso,  according  to  the  activity  of  the  diaease,  grow  aIowty  or  rapidlj;  are 
painlcss  or,  whoii  iiear  nerves  tlint  are  pressed  upon,  painful;  they  infiltrate 
the  musciilar  planeš,  producing  atrophy  of  the  muscular  bundles,  and— in 
eases  where  the  resistance  of  the  individual  or  treatment  doea  not  bring  about 
resolution— break  down  and  form  ulcera  involving  the  miiacle,  fascia,  aubcu- 
itaneoiie  tissue  and  skin.  Except  in  the  very  Gxhausted  and  non-resistant,  re- 
■covery  ia  ea8ily  brongbt  aboiit  by  snitable  specific  treatment,  and  healing  takes 
plače  hy  the  replacement  of  ecar  tissue. 

A  rarer  form  is  tlio  ao-ealled  diffuse  8yphilitic  myositi8,  evidenced  by  a 
Btage  of  intiltratiun.  rendering  the  miiscle  hard  and  rigid,  followed  by  atrophy 
,  and  Hclerosia,  and  finally  ending  in  cnntractiirea. 

If  treatment  is  inatitnted  in  the  atage  of  infiltration,  bofore  the  destruc- 
:  tive  changes  dne  to  the  sclerosis  have  taken  plače,  recovery  and  retum  to 
normnl  are  poaaible. 

Trichiniaais. — This  disease  is  caused  by  the  tritrhina  spiralis.  Infection 
occnrs  in  man  from  the  ingestion  of  in8iifficiently  r«oked  pork.  The  muecle 
of  tlic  discased  pig  containa  the  embryos  of  the  parasite  in  an  encysted  condi- 
tion.  In  the  stomach  the  capsuJe  of  the  worm  is  dissolved  and  the  embryos  are 
■et  free.  They  maturo  rapidiv,  increaaing  in  aize,  and  the  females  give  birth, 
■  in  the  smal!  iutestinoa,  to  large  nnmbera  of  young.  Theae  fiud  thcir  wa7 
througb  the  mucous  membrane  and  wall  of  the  giit  into  varioua  parts  of  the 
body.  Their  exact  course  in  leaving  the  gut  ia  not  fully  established;  they 
probably  traverse  the  tisauea  in  different  way8,  At  any  rate,  they  find  their 
Way  to  tlie  voliintarj  atriated  muacle  tiasue,  wliieii  they  penetrate,  and  enter 
I  tbe  muacle  fibers.  In  thia  situation  they  become  encapsulated,  the  capsiile 
i  tfter  a  time  becoming  partially  calcified,  and  in  thia  cney8ted  state  they  inay 
Imnain  inactive  but  living  for  an  indefinite  time. 

I  Aa  a  reault  of  the  presence  of  theae  parasites  in  the  body,  if  the  invaaion 
|be  aevere,  acuto  catarrhal  enteritia  with  diarrhea  and  vomiting,  hjgh  fever 
i  and  severe  pain,  is  apt  to  oceur.  Edema  of  tho  faco  and  other  parta  of  the 
ibodj,  bronehopneumonia  and  fattv  degeneration  of  the  liver  may  be  found  in 
I  CBses  that  bave  socciimbed  to  tbe  disease. 

I  The  flat  ransclea,  e9pecially  near  their  tendinoiia  insertions,  ia  tbe  favorite 
I  iite  for  the  lodgment  of  theae  parasitoa.  A  valuable  diagnoatic  aign  ia  the 
marked  eoainophilia  that  regularlv  accnmpunica  this  disease. 
I  TBBATMENT — Treatment  conaista  in  removing  as  many  of  the  parasites 
MU  aro  stili  hurborcd  in  the  intcatine  by  active  catharaia  and  intestinal  anti- 
laeptica,  while  aupporting  the  atrength  of  tbe  patient  during  the  heigbt  of  the 
Ldiseaae.    In  the  non-fatal  eases  tbe  diseaae  limits  itaelf. 

Ossification  of  Muscles,— Ossification  takes  plaee  under  conditions  and  for 
.  reasona  litllo  understood.     One  form  manifesta  itaelf,  U8ually  in  young  pcr- 
by  an  invaaion  of  tbe  interatitial  tiesue  of  the  mueclea,  commencing  in 
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the  groups  of  the  iieck  and  back.     The  disease  Is  progressive,  and  nothing  we 
now  know  can  arrest  its  progress. 

A  second  form,  occiirring  in  muscles  subjected  to  sudden  strain  or  repeated 
injury,  would  seem  to  have  trauma  as  a  causative  factor.  The  bony  growth8 
seen  in  the  shoulders  of  infantrymen  and  in  the  adductor  group  of  horsemen 
appear  to  sustain  this  theory. 

Bone  formation  is  initiated  by  the  dislodgment  of  small  shreds  of  perios- 
teum,  whieh  produce  new  bone  near  and  continuous  with  the  insertion  of  the 
muscle.     In  cases  where  the  new  bone  is  entirely  free  from  the  aponeurotic 
insertion  of  the  muscle,  we  must  believe  that  some  shred  of  periosteum  ot 
fragment  of  bone  has  been  pulled  up  into  the  belly  of  the  muscle  by  musculBt 
contraction.     In  opposition  to  this,  we  know  that  bone  can  be  developed  i^ 
any  of  the  tissues  of  the  body  when  there  has  been  no  po8sibility  of  tran^' 
plantation.     Whatever  theory  we  may  entertain  as  to  causation,  we  do  kncn^^ 
that  these  last  forms  of  ossification  in  the  muscle,  where  they  cause  mechanic^^^ 
disability,  can  be  benefited  and  cured  by  operation. 

Tnmon  of  Muscles. — Tumors  of  muscle  usually  develop  in  the  connecti  ""^® 
stroma.  Fibroma,  chondroma,  lipoma,  myxoma,  and  sarcoma  may  occur  -^ 
primary  tumors.  Carcinomata  and  sarcomata  may  develop  8econdarily  ^^^ 
muscles,  by  exten8ion  from  adjacent  parts. 

TBEATMENT. — Treatment  is  the  same  as  for  these  conditions  el8ewhere        ^^ 
the  body. 

THE  TENDONS 

The  tendons  are  composed  of  white  fibrous  tissue.     To  the  naked  eye  t"^^— t® 

fibers  appear  as  silvery-white,  glistening  bundles,  running  parallel  with  ea^ ^ch 

other.  Tliej  are  covered  by  a  quantity  of  loose,  flocculent  tissue  binding  thc^SBm 
together  and  carrjing  the  blood  vessels.  They  are  inelastic  and  exceedin^^3'y 
strong,  but  easilv  split.  Regeneration,  after  division  or  rupture,  takes  filtm — =ice 
by  the  formation  of  new  connective  tissue  between  the  divided  ends.  Whettr^^ier 
this  new  tissue  is  developed  from  fibroblasts — derivatives  from  preexisti^Sng 
connective  tissue  cells — or  is  in  part  formed  from  vascular  and  lymph3 
endothelium  given  off  as  buds  from  the  new  capillary  loops,  is  a  problem  for 
pathologist  rather  than  the  general  surgeon  to  determine.  It  suffices  for 
surgeon  to  know  that  the  change  from  the  young  vegetative  connective-tis 
cells  into  long  thin  compressed  cells  surrounded  by  fine  fibrils,  and  eventui 
into  adult  connective  tissue,  takes  plače  in  about  6  weeks. 

INJURIES  TO  TENDONS 

Subcutaneous  Injuries. — Subcutaneous  injuries  to  tendons  are  the  re^^^Jt 
of  grcat  force  applied  to  the  tendon  where  it  is  traversing  a  part  of  its  cou  ^»^. 
supported  by  bone.     Where  it  is  Iving  among  soft  parts  it  is  little  liabl^    to 


1 


anjury.  Wlien  crushed,  its  fibers  become  fi'ayed,  nuil  if  this  occiirs  in  a  uaiTow 
ieatial,  aa  tlie  sheaths  of  the  palntar  flexors,  tlie  9itbseqiieiit  bealing  leaves  tlie 
tendon  no  longer  amooth  and  of  the  same  dianieter,  biit  ffives  rise  to  s^Tiiptoms, 
4he  treatment  of  which  will  be  deaeribed  later. 

Rnptnre  of  Tendons. — Rnptiirc  of  a  tendon  ia  loss  frequent  tliau  teara  in 
ihe  muscle  bellj  to  wluch  it  belonga.  \Vhen  the  tear  is  confined  to  the  tendon 
slone,  it  oecjirs  iisnallj  in  the  fonn  of  a  "aprain  fraeture,"  i.  e.  a  small  Bcale 
■of  bone  is  torn  froni  tho  tendon"a  attacbment. 

TBEATMENT. — Treatment  bas  becn  indicated  in  the  section  under  muBcIes. 
Eere  it  is  only  nece8sary  to  state  tbat  the  earlier  tbe  operative  relief  ia  inati- 
tuted,  the  better  ia  the  ehance  of  siicfeas.  l)elay  means  ahortening  of  the 
XDusfle  and  the  filling  in  of  tbe  tendon's  bed  with  conneetive  tiasue.  An  im- 
mobilizing  dressing  shoiild  be  applied  after  operation,  with  the  part  in  such 
position  as  wiU  atford  relaxation.  This  shoiild  be  woni  for  a  period  of  C 
weeks,  or  elae  the  new  formed  tiasue  will  stretch  and  there  will  be  diminution 
^3f  funetion,  owing  to  rediindancy  in  the  length  of  tbe  repaired  tendon. 

Biilocatios  of  Tendoas.^Thia  condition  is  rare  and  occnra  most  fi^eijuentlj 
to  tlie  peronei  muaclea,  1  or  both  tendons  being  dialodged  from  tboir  groove 
bebind  the  externa!  malleolus,  after  ruptiire  of  the  libroua  bands  and  sjnovial 
sbcatbs  whiph  commonly  hold  them  in  plače. 

TBEATMENT. —  (A)  Conservative. — Reduce  the  disloeation  and  maintain 
the  foot  in  such  position,  by  means  of  an  iminobilizing  dresatng,  aa  will  hold 
the  tendona  in  tbeir  plače.  Persist  for  about  6  vveeks.  ThiB  failing,  one 
miist  operate. 

(B)  Operativk. — Make  an  ample  incision  along  the  line  of  the  fibula,  but  not 
i'£rectljr  over  the  groove.    Search  for  the  toru  sheath,  replace  the  teiidone,  and  suture 

I' tbe  sheath.  If  tbe  canal  bas  fiUed  up  end  the  marKina  of  the  aheath  cannot  be  identi- 
fied,  reeonstruot  a  eanat  behind  the  malleolus  froni  ueighborinK  fust-iu,  or  use  a  Sap 
of  periosteum,  as  suR^^sted  b;  Eonig,  tumed  dowDward  or  backward  from  the  fibula. 

'Voundi  of  Tendom. — These  occur  more  frequently  in  the  hands,  lesa  often 
in  tbe  feet,  from  cnts  with  knivea,  abarp  objecta,  bita  of  glaas;  and  in  aaaoGia- 
tion  with  extensive  injiiries  and  lacerationa,  aa  the  maiming  accidents  from 
inachinery.  The  tendona  are  cleanly  divided,  cruahed,  or  fibrillated,  according 
to  tbe  character  of  tbe  wound. 


Often  in  ineised  wouii(iH  about  the  wriBt,  the  back  of  the  hnnd  and  on  the  6ngera, 
I  the  division  of  the  tendona  is  not  diiMVJvered.  Ia  sharp!y  hlepding  wounda  of  this 
cbaraeter  tbe  inexperienced  operator  ia  more  concerned  in  checking  tbe  hemorrhage, 
I  and  the  disabling  iniury  to  the  tendon  goes  unriH-oRnized.  It  ahould  nlwBya  be  tbe 
nile  to  test  the  funetion  of  ali  muacles.  whosc  tendona  traverse  Buch  n  wound;  for  when 
the  tendona  are  elean]y  divided.  the  contraction  of  the  mnscle  withdrflwa  the  prosimal 
end  from  the  Geld,  and  uulesa  thia  precaution  is  observed  a  second  operation  beconies 
rnecesaar;. 
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TBEATMENT. — In  ali  woundB  that  can  be  rendered  clean,  or  rea8<}iiab1y  «^ 
primarj  suture  of  the  divided  tendons  gives  the  best  results.  In  cases  where 
the  iiijury  has  not  been  recognized,  and  in  woiinds  that  are  iofected,  secondar; 
Butiire  is  of  nece8sity  the  procedure  to  be  adopted.  Here  it  sbould  be  borne 
in  mind  that  ali  woimd8  appearing  blaclc  and  soiled  are  not  neccesarilj  in- 


Fio.S. 
Fioa.  7-g. — Mbtbodb  or  TiurooN  8ctcb>. 


fected.  As  primary  suture  givea  so  much  better  reeults  and  entails  socb  a 
saving  of  tirne,  an  attempt  should  be  made  at  repair,  even  in  the  casea  where 
the  skin  and  aurrounding  tiseues  are  soiled  and  black  from  the  grime  and 
grease  of  the  machine.  Theae  wounds  can  often  be  rendered  clean  by  placing 
a  sterile  pad  over  the  wound,  removing  as  much  of  tbe  black  and  grease  as 
will  come  away  on  2  or  3  pads  wet  vitb  tur- 
pentine,  thcn  eleaiiing  the  interior  of  the 
wound  witli  sait  sohitioii,  removing  with 
foreeps  ali  foreign  material,  and  finallv 
painting  the  entiro  region  with  tincture  of 
iodiu.  A  wound  so  treated  will  often  sur- 
priae  one  bv  healing  as  kindl_y  as  one  sur- 
gicallv  prepared.  Too  much  scrubbing,  in 
an  effort  to  i-ender  the  wound  coameticallv 
clean,  will  defeat  one'a  purpose. 

Primakv  Sutcke  of  Tendons, — The 
wound  hcingtrlean,  or  prospectively  ao,  after 
arrcstiiig  ali  hemorrhage  begin  the  se^rch 
j^gj,  for  the  divided  enda,  The  diatal  enda  will 
retract  bnt  iittle  and  are  eaailj  found,  The 
n  eJrtensive  aearch.  Manipiilate  the  part  by  flesion 
;  "milk"  the  nniscle  bellv  toward  the  wound  by 
presrtiire  with  tlie  fingers  or  by  meana  of  a  bandage  applied  from  above  down- 
ward ;  trv  to  graap  the  rctracted  enda  by  small  hooks  pasaed  upward  aloug  the 
tendon'B  shcath,  and  draw  them  info  the  wound,  Failing  in  these  efforts,  incise 
freely  the  ovprlving  tissues  and  discovpr  the  tendon.     Cleanly  divided  teDd<nii 


proximaI  enda  mav  requtre  a 
or  extensi(>n  as  tlie  čase  rcqiiii 
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Fio.    It. — Mbthod   or  Tbhdon   LiNOTBiNiHa,   Sinolr   Pla.p. 


can,   as   a   nile,  be  ea8ily   brougbt  together.      Unite  them   witli   suturea   of 
silk  passed  in  various  dlrections.    If  the  tendona  are  heki  in  plače  witli  con- 


FlO.     12. TBNDOIf    LENOTHIHINa,    DoDBL,!    FlAP. 


Biderabte  dif&culty,  tbe  sutures  are  apt  to  puli  out,  by  the  aplitting  of  the 
longitiidinal1y   running   bundlea.      Tbis  can   be   obviated   by   encircling   the 


¥m.   H. — TsNooM  Lknotb- 

■  HIMU:    BtBBS-SrOBON 

Mbtbud. 


ends  with  a   piece  u(  ailk  and   psMihg  tlitt   n-u 
tionB  as  to  eaibraoe  the  i 


I. 


FlO.    16. — TeNDON  TfLLNBPLAMTATION.      I,   Flap 

from  live  tendon  to  tendon  of  paralysed 
muacle;  11»  graftin«  "dead"  tendon  to  *'live" 
tendon. 
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sutures  is  shown  in  the  above  diagrama.     The  simpler  methods  of  suture  are 

the  best. 

Secondabt  Sutube  of  Tendons. — Secondary  suture  is  necessarj  in  ihe 

cases  in  which,  at  the  tirne  of  the  original  injury,  the  division  of  the  tendons 

wa8  unrecognized ;  and  in  which,  by  reason  of  infection  or  too  great  injury 

to  the  sof t  parts,  it  was  deemed  unwise 
to  attempt  a  primary  suture. 

The  rules  for  secondary  suture  are 
the  same  as  for  primary  suture,  but  in 
the  latter  many  more  difficultiesniufltbe 
overcome.  The  tendons  will  be  retracted 
and  bound  down  in  their  new  positions, 
the  tendon  sheaths  will  be  f  ound  blocked 
with  new  conneetive  tissue,  and  in  the 
cases  originally  the  site  of  suppuration 
it  will  be  f  ound  neee8sary  to  resort  more 
frequently  to  tendon  lengthening  and 
tendon  transplantation.  Great  ingenn* 
ity  will  be  called  for  in  the  utilization 

of  the  material  at  hand,  and  considerable  surgical  dexterity  will  be  reqiiired 

in    dealing    with    tissues   that    do    not    readily   lend    themselves   to   plastic 

work. 

In  8econdary  suture  valuable  use  can  be  made  of  free  flaps  of  the  sub- 

cutaneous  f  at  to  wrap  around  the  suture,  and  to  line  the  new  beds  made  for 

the  reconstructed  tendons.    Other  material,  such  as  serous  sacks,  may  be  used 

if  at  hand. 

After-care  Followino  Tendon  Suture. — The  surgeon,  in  these  cases,  is  of  two 
minds.  To  secure  firm  union  and  proper  org^anization  in  his  plastic  work,  he  desires 
to  keep  the  part  at  rest  for  6  week8.  For  the  reestablishment  of  function,  he  desires 
to  begin  the  passive  movements  early.  If  he  begins  passive  motion  too  early,  the  newly 
united  tendons  will  streteh  and,  owing  to  redundancy,  the  functional  result  will  be 
poor.  If  he  delay8  too  long,  ankjrlosis  will  take  plače  and  ali  benefit  of  the  operation 
will  be  lost.    A  middle  course  will  be  found  the  safest. 

At  the  end  of  the  third  week,  a  few  passive  movements  can  safely  be 
made.  The  wound  in  the  soft  parts  will  have  healed,  and  massage  of  the  part« 
with  hot  and  cold  bathing,  can  be  done  every  day,  čare  boing  taken  to  put  the 
part  back  in  its  immobilizing  dressing  after  each  treatment.  Voluntary  ei- 
forts  should  not  be  attempted  before  the  end  of  the  sixth  week. 


TRANSPLANTATION  OF  TENDONS 


The  principle  that  underlies  these  operations  consists  in  utilizing  part  oi 
the  power  of  a  healthy  muscle  or  group,  and  transferring  it  to  a  paralvz^d 
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miiscle  or  group;  or  in  attaching  a  hea1thy  muacle  to  the  bone  ot  perioateum 
to  correct  a  deformity  resulting  from  iDJury  or  dieease. 

It  is  imposaible  in  the  limita  of  tliia  articie  to  do  more  than  indlcat«  the 
ušes  to  wliic1i  this  principle  can  be  appHed  and  leave  the  detailed  description 
of  inditidiiat  caaee  to  the  writerB  of  the  chapters  on  orthopedio  operationa. 
It  miiat  be  borne  in  mind  that  the  aucceseful  outcome  of  theae  operations  de- 
pends  upon  a  niče  balance  of  judgment,  and  that  they  ahould  not  be  undertaken 
until  the  contractures  and  deformities  have  been  correctcd.  There  must  be 
proof  that  actual  para1ysia  of  mnacle  esista.  Often  the  losa  of  function  is 
due  to  overatretching  of  the  rnuacles  wbi1e  in  a  condition  of  temporary  paratjais 
from  a  discased,  severed  or  bruiaed  nerve. 

The  ITse  of  Forei^  Snbstances  in  Tendon  TraiupUntation. — Tho  moat  auc- 
cesafiil  operatious  iu  tendon  tranaplantation  are  tbose  in  whiGh  use  ia  made 
of  aiitogenoua  grafta.  Heterogenou&  grafts  are  now  successfiiny  emp1oyed,  but 
always  will  hotd  a  second  plače  to  those  taken  from  the  same  individual. 

Uae  hae  been  made  of  ailk  and  linen  threads  of  various  aizea  and  atrength, 
to  piece  out  defecta  in  tendona.  Where  these  have  been  naed  about  the  foot, 
it  haa  been  found  that  the  atrain  is  too  great  and  they  have  pulled  out.  In 
the  hand  they  have  met  with  more  success.  The  reaaon  for  thia  seema  to  be 
that  there  is  not  aufficient  organizatioo  of  connective  tisaue  about  the  implanta, 
and  the  atrain  haa  eveotuallj  to  be  home  bj  the  foreign  material. 


Two  methods  are  in  use  for  performing  tenotomy:  the  open  operation 
and  the  Bubcutaneous  operation.  In  the  open  operation  the  tendon  ia  cut  down 
upon  and  divided  under  the  guidance  of  the  eye.  In  the  subcutaneouB  opera- 
tion tho  tendon  ia  put  upon  the  atretcb  and  divided  with  a  tenotome  poBsed 
through  the  skin  to  the  aide  of  the  tendon.  Diviaion  is  usually  made  from 
within  oiitward,  or  away  from  important  structures.  Each  has  its  uaes.  Tho 
open  operation  ia  more  uaed  vhere  fascial  bands  are  to  be  divided  in  the  neigh- 
borhood  of  important  atructures,  as  in  the  neck.  The  subcutaneous  method  is 
more  in  use  for  tendons.  Tenotoray  is  useful  in  lengthening  tendons,  especiallj 
in  young  children.  When  a  subcutaneous  tenotomy  ia  dpne  to  the  tendo 
Achillia  in  these  young  aubjects,  the  divided  ends  are  drawn  apart  by  the 
correction  of  the  deformitj,  and  a  considerable  gap  is  left  in  the  bed  of  the 
tendon.  By  the  time  the  little  patienta  are  ready  to  use  the  foot,  the  gap 
wiil  have  been  bridged  and  perfectly  good  function  of  the  divided  tendon  will 
be  preaent.  This  voald  seem  to  indicate  that  the  elaborate  operatious  for 
tendon  lengthening,  at  least  in  the  _vminp,  are  nrnefessarv. 

The  manv  t-onditions  for  which  tenotoniv  is  etiiploveil  will  be  mentioned 
»nd  the  operationa  describod  in  another  part  of  this  work. 
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TEHSON  BHOBTEHIKO 

It  is  Bometimea  found  necesaarjr  to  reef  or  shorten  tendons.  ThiB  shonld 
seidotn  be  the  čase,  as  stretching  takes  plače  at  the  expense  of  the  muecle  and 
shortening  the  tendon  will  not  belp  mattere  if  its  muscie  be]Iy  i 
tionless.    In  the  cases  where  it  seems  iodicated,  resect  and  suture. 


THIOKENIHa  AMD  MODULATION  OF  THE  TENDONS 

As  a  result  of  trauma,  amall  esctravasations  of  blood  vil]  frequently  take 
plače  in  a  tendon.     Thie  blood  organizea  and  forma  a  nodule,  or  degenerates 


8. — SNAPPiNa  FiNOBRS.   <WBir.)    Needle  in  tendon:  Payer' 


Bplit  tendon:  Hae^'i° 


and  forms  a  cvst,  Again,  as  a  reaiilt  of  long<wntinued  pressure  (wearing  * 
ring,  Weir),  thickening  takea  plače  in  the  abeath.  At  times  the  tendon  is 
bniised  and  some  of  ita  fibera  are  aplit,  beeoming  curled  up  and  foming  > 
nodule.  Any  of  these  conditions  can  give  rise  to  the  condition  known  aa  triggw 
finger. 

Treatment. — In  the  casea  where  the  sjmptoms  are  due  to  a  nodule,  <^ 
or  fraved  portion  of  the  tendon,  incise  the  sheath,  espoee  the  tendon  and  remo™ 
the  obstniction  at  the  espenae  of  the  interior  of  the  tendon.  Diminish  *" 
diametor  of  the  tendon  after  cseiaion  of  the  cyat,  or  removal  of  the  nodule  V 
verv  fine  silk  siitiirea  buried  in  the  interior  of  the  tendon.  Wliere  the  ^mf 
toma  are  due  tP  (i  i}arrowing  of  the  sheath  Weir  advises  its  aimple  division- 


THE    TENDONS 


OAirOLION 

A  gangHon  ia  a  cjstic  formation  developing  in  the  tissues,  U8ually  in 
the  neighborhood  of  the  capsule  of  a  joint,  on  a  tendon  sheath,  or  in  the  tendon 
itself.  It  ia  most  frequent!y  fonnd  on  the  extenaor  siirface  of  the  wrist,  less 
often  on  the  flexor  aspect.  Occasionnllv  ganglia  are  eeen  on  the  dorsiim  of 
the  foot,  and  stili  Ibbb  frequently  in  the  neighborhood  of  joints  in  other  parts 
of  the  bodv.  They  are  thin,  eonnective  tissne  sacs,  contaiiiinp  a  clear  trans- 
parent gelatinons  flnid,  attached  to  the  joint  capsnle  or  tendon  sheath  by  a 
broad   or  narrow  base.      Formerlj  they   were  thoiight  to   be  estniaious,   or 
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«Taginationa  froin  the  ajnovial  membrane  lining  the  joint,  forced  out  by  straina 
put  upon  the  articulation,  and  later  shut  off  from  the  joint  by  cicatricial  con- 
Iraction  of  the  stiar  tissue  (Goaselin).  Later  investigators  have  proved  that 
tbese  small  cjsts  reault  from  dcgenerative  changes  in  the  capsular  tissue  and 
an  the  tendinons  and  parateudinous  tissue. 

As  the  result  of  aome  slight  trauma  to  the  capsular  tissue  or  tendon,  an 
«xtravasation  of  blood  takes  plače  in  the  tiasues  and,  associated  po89ibly  with 
mu  oblitcrating  endarteritis,  dcgenerative  changea  are  initiated.  Examination 
<(f  the  recent]y  formed  tumors  shows  trabecula;  ninning  in  varioua  directiona, 
evidence  that  the  degenerative  prooeas  ia  not  complete  and  has  not  converted 
■the  tumor  into  a  singlo  sao.    Very  recent  ganglia  niay  even  he  semi-solid. 

Treatment, — The  indication  for  treatment  of  these  small  henign  tnmors 
ftrises  from  tiie  sense  of  weakness,  often  experienced,  and  oc(!ft8ionally  from 
neuralgialike  pains.  scidom  from  interforence  with  function. 

NONOPERATIVE  TREATMENT.— In  the  t!iin-walled  cvata  a  eure  ean  often 
be  effected  by  nipturing  tbe  cy8t  witli  a  hcovy  b]ow,  the  part  having  firat  been 
lendered  tense.  Compression  should  be  emploved  after  tbis  method  of  treat- 
ment. Recurrenees  may  take  plače,  and  tlie  treatment  will  have  to  he  repeated. 
have  on  severa!  occaaions  niptnred  the  cvata  by  powerfuI  pressure  with  the 
fingers,  the  part  having  first  been  made  tense. 
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OPEBATIVE  TBEATMENT. — Upon  failure  in  the  above  measureB,  an  open- 
tion  couducted  witli  the  stricteat  aseptic  precautions  is  advisable.  As  aiiythmg 
leas  than  complete  removal  ia  apt  to  be  folIowed  hy  recnrrenee  and  conseguent 
embarrasHment  to  the  operator,  these  operatious  shoiild  be  t-midiicted  ffilh 
great  čare,  aided  bj  artificial  iBcbeinia  and  the  elosest  attentiou  to  surgid 
technie.  Tbe  joiut  or  ibe  tendoii  sheatb  will  often  have  to  be  opened,  and 
infection  occurriug  in  a  patient  sutferiug  from  siich  a  minor  conditiou  will  be 
atteuded  by  great  hurt  to  tlie  siirgeou'a  reputation  and  grave  injurj  to  tlie 
individual. 

— —     i 

Sjnovial  membranes  of  the  body  are  divisible  into  3  varietiea  or  suMi- 
viaions:  articular,  biirsal  and  vaginal.  These  membranes  are  derived  from  the 
connective-tissue  layera  and  have  in  their  interior  a  viscid  fluid.  This  fliiid 
is  derived  from  the  disintegration  of  otber  connective-tissue  celts.  The  oH 
theory  of  inucilagiiioua  glands  aa  tbe  souree  of  tlie  8ynovia]  secrction  haa  been 
abandoued.  Tbe  biirsai  8ynovial  membranes  seem  capabie  of  developmeul  iu 
any  part  of  tbe  bodj  where  the  overlying  skin  is  subject  to  preasure  or  friotion 
on  hard  iinjielding  parts  beneath.  Thua  we  find  burate  interposed  belffeen 
tbe  integument  and  boiiy  aiirfacea.  The  buraal  a^uovial  menibranea  are  again 
divided  into  the  bnraic  mucosce  and  the  bursro  s^novite.  Tbe  bursat  niucosffl 
are  large,  irregular  cavities  lying  in  the  subcutaneous  or  areolar  tissue,  auu 
contain  a  clear  viscid  fluid.  Tbia  ia  the  form  found  between  the  integuraent 
and  tbe  front  of  the  patella,  over  the  olecranon,  the  malleoli  and  other  promi- 
nent  parta  of  the  bodj,  The  burate  aynoviffi  (avnovial  abeatha)  are  found  in- 
terposed between  muscles  or  tendons  aa  they  project  over  bon.v  aurfaces  or  as 
they  line  the  OBseo-aponeurotic  canala.  These  are  found  investing  the  tendons 
of  the  hand  and  foot.  Tbe  membrane  is  bere  arranged  in  the  form  of  sbeatba. 
1  lajer  of  wbicb  adherea  to  the  wall  of  tbe  canal,  and  the  other  ia  reflected  iipo" 
the  Burface  of  the  contained  tendon,  The  space  between  tbe  2  free  BurfaMs 
of  the  membrane  contains  the  8ynovia,  The  Iayer  lining  the  sheath  is  knofn 
as  the  parietal  Iayer,  that  covering  the  tendon   is  called  tbe  visceral  Ihjbt. 

The  diacaaea  of  the  articular  aynovial  membranes  are  treated  under  tnei' 
appropriate  headings  in  other  chaptera  of  thia  book. 

The  diseases  of  the  bursal  and  ayiiovial  membranes  are  the  same  as  tlie« 
attacking  membranes  in  ali  parta  of  tbe  body. 

INFIJUISIATIONS    OF    THE   BURSJE 

Aonte  Bunitis. — Acute  bursitia  ia  uBually  the  reault  of  a  single  injurv  and 
ia  more  properly  described  as  a  hemorrbage  into  the  buraal  sac,  aa  a  i**"" 
of  the  injurj. 

TBEATMENT.— T reatment  ahould  be  directed  to  the  removal  of  the  ban««" 
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rhage  by  measures  which  will  promote  absorption.  Thia  is  best  accomplished 
by  rest  and  compression  of  the  part,  together  with  an  ice  pack  for  a  few  dajs, 
followed  by  the  use  of  hot  and  cold  bathing  and  massage.  Aspiration  of  the 
contents  of  a  hemorrhagic  biirsitis  is  seidom  indicated. 

Chronic  Bunitis  or  Hjgroma. — This  results  from  the  persistence  of  the 
acuto  hemorrhagic  variety,  or  develops  as  the  result  of  continued  irritation  of 
these  membranes  as  seen  in  the  so-called  "occupation  bursitis,"  as  the  prepa- 
tellar  bursitis  or  'liousemaid's  knee"  and  the  olecranon  bursitis  or  "miner^s 
elbow." 

TREATMENT. — ^When  the  condition  is  of  recent  origin  and  in  sacs  not  un- 
duly  thickened,  resolution  can  often  be  brought  aboiit  by  rest  and  compression 
of  the  part  with  or  withoiit  aspiration  of  its  contents  and  the  injection  of  the 
sac  with  a  tincture  of  iodin.  The  more  chronic  cases  with  thickened  walls 
will  not  yield  to  these  measures,  and  excision  of  the  bursa  becomes  necessary. 

Acnte  Snpporative  Bursitis. — This  may  arise  in  old  chronic  cases  of  bur- 
sitis or  result  from  open,  incised,  or  punctured  wounds  of  the  bursse.  Rarely 
does  infectious  bursitis  occur  through  the  medium  of  the  blood  stream.  The 
simultaneous  development  of  bursitis  in  various  parts  of  the  body  would  sug- 
gest  rather  a  constitutional  disease^  such  as  tuberculosis  or  syphili9,  as  its 
etiology.  The  free  communication  which  exists  between  the  bursal  sacs  and 
the  hTnphatic  system  renders  infection  of  the  burs«  quite  common  from  sup- 
purative  processes  in  their  neighborhood.  They  may  also  become  infected  by 
direct  extension  along  the  subcutaneous  layers  from  nearby  suppurative  foci. 

The  situation  of  the  bursse  beneath  fascial  planeš  renders  their  infection 
peculiarly  dangerous,  by  reason  of  the  extensive  cellulitis  that  may  result  from 
extension  of  the  suppurative  process  beneath  these  confined  spaces.  Thus 
suppuration  in  the  prepatellar  bursa  and  in  the  olecranon  bursa  often  gives 
rise  to  extensive  cellulitis  in  the  leg  and  arm.  The  pus,  unable  to  make  its 
way  to  the  surface  by  reason  of  the  resistance  of  the  strong  aponeurotic  layer8, 
invades  wide  areas  of  the  extremities.  As  a  result  of  the  retention  of  inflam- 
matory  products  beneath  the  fascial  planeš,  grave  constitutional  symptoni8 
due  to  the  septic  absorption  are  common. 

TBEATMENT. — As  in  the  treatment  of  chronic  bursitis,  excision  of  the  sac 
is  indicated  whenever  possible.  Unfortunately,  owing  to  the  peribursal  in- 
flammation,  this  cannot  always  be  done.  Here  one  must  be  content  to  incise 
the  sac,  giving  vent  to  the  pus,  and  taking  čare  that  by  free  division  of  the 
surrounding  fascia  exit  is  given  to  inflammatory  products  that  may  have  made 
their  way  outside  the  bursal  sac  into  the  Burrounding  subcataneons  tissaes. 
Čare  should  be  exercised  that  the  materiala  uaed  far  dnunafle  of  the  aao  and 
fascial  planeš  do  not  act  as  a  plug.    1  afvae  di- 

vision of  the  fascia  so  that  it  is  madr 
drains  or  rubber  tubes  in  the  eztra 
should  be  moist,  light  and  prefe 
should  l^e  changed  frequently. 
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Bheeting  to  keep  the  nioisture  in  ehoiild  not  be  tolereted,  as  this  converta  mir 
wet  dressinpa  into  poniticea  and  favors  the  spread  rather  than  the  hindran« 
of  the  progreaa  of  the  inflamraation. 

Tnbercalosis  of  the  Bane. — Tbis  is  of  s1ow  and  insidions  developmcat 
without  the  uaual  signs  of  inflammation.  The  diagnosis  is  often  difiicult,  and 
onIy  to  bo  detennined  by  operation  or  inferred  from  the  presence  of  tubercu- 
loais  elsewhere  in  the  body.  Like  ali  forma  of  aurgieal  tiiberciiloais,  the  grest- 
estmeasure  of  aafety  Hes  in  ita  coniplete  removal.  A  lesa  efficacious  methodof 
treatment  consists  in  attempta  at  aterilization  of  the  contenls  of  the  burae  bj 
injection  with  iodofonn  and  gljcerin.  S_yphilis  of  the  bursal  aaca  UBUsllj 
tatces  the  fonn  of  giinimata  formation.  These  ahould  be  removed  by  operation 
whenever  poasible,  and  appropriate  constitutional  treatment  instituted. 


DISEASBS   OF    SPECIAL   BUBRS 


SubaDTornial  BanitiE. — Snbaoroniiai  bnrsitiB  nmy  be  acute,  chronio,  w 
suppurativc.  Thia  buraa,  when  it  does  not  commiinicate  with  the  subdellnid 
buraa — vvhich,  however,  is  often  the  čase — is  easily  approached  and  cxci8edby 
incisions  throiijrh  the  skln  at  the  top  of  the  shonlder, 

The  Subdeltoid  Bursa ^ACUTE   INFLAMMATION. — Acute   infiammatiou  of 

tbis  bursa  often  developa  as  the  reaiilt  of  a  single  injury,  and  very  ofen 
leads  to  niistakea  in  diagnosis.  It  is  often  confoundcd  with  inflanimation 
of  the  fihoulder  joiiit  proper.  Ita  situation  deep  beneath  the  deltoid,  em- 
bracing  the  head  of  the  humerus,  gives  rise  to  thia  confusion.  Under  the 
name  of  "peri-arthritia  humeroHcapularis,"  Duplay  describes  thia  as  a  cbronic 
adhesive  inflammation.  It  is  distinguished  from  pure  articular  conditions 
by  the  ability  to  move  the  arm  in  a  aagittal  plane  and  to  rotate  it  in  ite  ^o^ 
asis.  Abduction  of  the  arm  ia  not  possible  without  movement  of  the 
scapula. 

Teeatment. — This  consists  in  the  avoidance  of  restraining  dreasings  ud 
the  encouragement  of  the  patient  to  use  the  arm  aa  much  as  possible.  ffbere 
the  diagnosis  has  not  been  prompt]y  made  and  great  limitation  of  inotion 
exiats  aa  a  reaiilt  of  the  estensive  adhesions,  these  sbould  be  broken  up  uDO^f 
ether  and  active  and  paaaive  motions  continued  daily,  coinbined  with  h.vlro- 
tberapy  and  maasage. 

TuBERcm.osis. — Tubercnions  disease  of  this  bnrsa  ia  recognized  by  "^^ 
crepitua  obtaincd  by  the  nibbing  of  the  rice  bodiea  in  its  intcrior,  by  iu  9»* 
formation,  and  by  absence  of  inflammatory  signs.  Tuberculoiis  lesione  «1*" 
wbere  aid  one  in  forming  a  diagnosis. 

Tkeatment. — The  best  treatment  consists  in  total  extirpation  of  the  s>^- 
This  is  accompliahed  throiigh  a  longitTidinal  incision  placed  over  the  most 
prominent  point  of  the  8welling,  entering  between  the  fibers  of  the  dello"'- 
Čare  sbould  be  escrciacd  not  to  woiind  the  circumflex  nerve  in  ita  eourse  o" 
the  deep  surface  of  the  muscle.    Inability  for  any  reason  to  pursue  this  ineth« 
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of  treatment  compels  one  to  treat  thia  condition  by  aspiration  of  the  fluid 
.contents  and  the  injection  of  a  sac  w!th  iodin  or  other  aiitiseptica. 

The  Olecranon  Bursa.^Tlie  olecranon  bursa  U  siibject  to  tlie  aanio  (jiseases 
,08  tbe  otbcr  bursa?.  It  ia  rarclj  tubereuloiis,  more  often  snbject  to  chronic 
linflanimation  or  hygromatoiiB,  at  tiniea  tbe  site  of  aeute  infectious  bursitia. 
■Owiiig  to  its  sitiiatiou  beneath  the  strong  aponeurosis  back  of  tbe  ann,  infec- 
tious proc€8Bea  in  tbis  bursa  require  epecial  atteution  to  the  freeing  of  pus 
i^hich  may  bave  made  ita  way  into  the  Bubfascial  planea.     The  chronic  and 

toberculoue  forma  are  likewise  best  treated  by  osoision. 

,        The  bursa;  in  the  neigbborhood  of  the  vrist  and  hand  are  amall  and  un- 

limportant.     The  diaeaaes  of  the  tendon  aheaths  are  here  more  important  and 

will  be  dealt  ivitb  later. 

The  Bnne  Aboiit  the  Hip. — Tbero   are    niimeroua    burase    ahout    tbo   bip. 

Thoae  between  the  inaertiona  of  the  glutci  musclea  to  tbe  troebantor  are  acidom 
(the  subjcet  of  aurgical  interfereuce.     The  bursa  overlyiiag  the  tuberoaity  of 

the  iaebium  is  frequently  the  aubject  of  surgical  interference,  Tbis  buraa 
'isbest  approached  with  the  thigb  in  the  fiexed  poaition;  the  ghiteua  maximus 
lis  then  withdrawn  from  over  the  tiiberoaitv.  The  largc  multilocular  buraa 
'1>etween   the  faacial   expan3inn  of  the  ghiteiis  maximus   and  the  trochanter 

major  can  be  approacbed  and  escised  by  an  incision  parallel  with  the  fibers 
U)f  thia  aponeurosis.  The  iliac  bursa  beneath  the  paoas  iliacua  liea  in  the  mus- 
pcnlar  eompartment  beneath  Poupflrt'B  ligament,  und  can  be  incised  and  drained 
\iiy  an  incision  placed  over  the  head  of  the  feniur  to  tbe  outor  side  of  tbe 
!-femoral  artery.     Caro  ahould  be  exercised  not  to  wound  tbe  antorior  crural 

nerve  in  dealing  with  this  buraa. 

;,  The  Bttttie  About  the  Kaee— the  prepatellab  bursa.— The  prepatellar 
Ibnrsa  ts  the  mosl  frcquently  involved  of  the  bures  about  the  knee.  Operations  for 
chronic  and  acute  onnditiona  of  thie  sac  are  best  perfnrmed  thmugh  a  traneverae  in- 
.^ion  placed  over  the  most  prominent  part  of  the  sivelling.  Thia  trnnsverBe  inoiaion 
ibould  be  cxtended  laterallj  into  the  uninvolved  tiasues  at  the  aiHe  of  the  buraa.  The 
flapB  are  Ihen  more  easilj  disaectcd  in  both  directions.  The  approaeh  to  the  bursa  from 
Hib  side  and  poeteriorly  wi)l  enable  one  to  do  a  clean  esfiaiou  with  leaa  danger  of 
jntering  the  cavity  of  the  sac. 

THE  POPLITEAL  BUEa.E. — The  popliteal  bursa;  most  frcqupntly  the  site 
^  disease  are  counected  with  the  tendon  of  the  soiuiniembraiious  and  the  tendon 
^  the  popliteus,  tbe  ono  at  the  inuer  aide  of  tbe  joint,  tbo  other  at  the  outor 
l«idQ  of  the  joint  As  thcse  two  bursai  frequeutly  comnnmicatc  with  tbe  joint, 
'total  eiciaion  ia  impracticablc.  Injection  of  the  interior  of  the  sac  with  vari- 
irritants  is  attended  with  daiifter,  owing  to  the  liability  of  the  injected 
.terial  entering  the  interior  of  tbe  joint.  The  best  treatment  ia  partial  ex- 
'^ion  with  careful  suture  of  the  remnanta  of  tbe  sac,  conipreasioD,  and  appli- 
eation  of  a  aplint  to  insuro  rest. 

The  Bnnee  About  the  Ankle. — The  varioua  small  buraee  about  the  foot  do 
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DOt  need  a  detailed  deacription.  The  buraa  aituated  between  the  tendo  Achil- 
lia  and  the  upper  portion  of  the  tuberoaitj  of  the  oa  calcis,  howevor,  is  im- 
portant.  This  is  approached  for  its  various  diseases  hj  incisiona  placed  on 
either  side  of  the  tendo  Achillis.  If  necessar;  for  complete  enucleatioo,  tliu 
tendon  may  be  divided  and  later  sutured. 


THB  TENDON  SHEATHB 

Owing  to  thcir  great  importance  and  greater  liab!1ity  to  infection,  the  tendon 
eheaths  of  tbe  hacd  ebould  be  dealt  vitb  in  fuller  detail  than  tbose  of  tbe  foot.  One 
cannot  approach  tbe  proper  operative  treatment  of  the  tendon  sbeaths  of  tbe  band 
witbout  a  knowledge  of  tbeir  anatomr. 


Anatomioal  Foints. — A  brief  review  of  tbe  epecial  anatom^  of  the  hand 
with  reference  to  the  tendon  sbeatha  would  seem  indicated.     The  skeletal  and 
vaacular  anatomj  of  thia  region  ia  too  veli  known  to  require  repetition.     The 
band  as  a  whole  presenta   a  convei 
surface  dor6al1y,  and  a  conoave  snr- 
face  ventrallj,  and  appears  as  a  tmn- 
cated  cone — ita  baae  toward  the  fin- 
gera,  its  apex  toward  the  irrist.     Tbe 
annular  ligament  bridges  tbe  concave 
aspect  of  the  carpal  bones,  attached 
to  tbe  tuberosity  of  the  scapboid  and 
ridge  of  tbe  trapezium  on  its  radial 
side,  and  to  the  pisifonu  bone  and 
hook  of  the  nnaiform  on  the  ulnar 
aide.     A  canal  ia  thus  formed  wbich 
lodgea  the  tendona  of  the  long  flezon, 
their  8ynovial  sheaths  and  the  median 
nerve.    The  floor  of  the  band  wideti9 
out   as   we   proceed    diBtally,    corre- 
aponding  to  the  ray-like  arrangement 
of  the  nietacarpal  bonea,      Between 
tbese  last  lie  the  interosaeoua  muscles. 
covered     by    an     aponeuroais,     thin 
above,    atronger    below,     continuouij 
with  and  helping  to  fonn  the  (deep) 
transverse  inetacarpal  ligament.   The 
mnscles  of  the  thumb  and  little  finger 
bound  this  region  of  the  hand  on  either  side.     From  the  central   portion 
of  the  anterior  annnlar  ligament  the  palmar  faacia  extends  to  the  base  of 
the  fiiigers.     This  is  tbe  central  atrong  part  of  the  palmar  fasoia.     Its  thin- 
ner  lateral  parts  inveat  the  muscles  of  the  thumb  and  little  finger.     The 
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middle  regioti  of  the  hand  containing  the  tendons  of  the  long  flexors  and 
their  ajuovial  aheaths  ie  thus  converted  ioto  an  osseo-aponeurotic  compart- 
ment.  The  central  part  of  the  palmar  fascia  divides  into  4  alipB,  which 
go  to  the  4  inner  fingers.  It  becomea  perforated  in  this  rcgion  by  the  wide 
interlacement  of  its  longitudinal  and  transverse  bands.  The  majority  of  the 
longitudinal  iibera  beconie  continuouB  witb  the  fibroua  shcath  or  theca  of  the 
tendons.  The  remaining  bundles  of  longitudinal  fibers  intertwine,  dip  down, 
and  become  attacbed  to  the  deep  transverse  metacarpal  ligament,  aerving  to 
separate  the  flexor  tendons  from  the  digital  nerve  and  arterj  and  the  lumbrical 
tnuBcIe  of  each  interdigital  cleft  We  thna  see  that  the  hand  is  divided  into  3 
compartments,  an  outer  and  an  inner,  giving  lodgment  to  the  muscles  of  the 
thiimb  and  little  finger;  and  a  central  compartment  lodging  the  tendons  and 
their  s^novial  investment  as  mentioned  abova     Tbe  subcntaneous  tissue  of 


Fro.  19.— FsTAL  TrrK. 


Fia.  20.— Uboal  Ttmi. 


21. — OccAMONAL  TrrB, 


the  front  of  the  hand,  and  e8peoially  of  the  palm,  is  8canty  and  denae.  The 
aubcutaneous  tissue  on  the  dorsum  is,  on  the  contr8ry,  ]ax,  and  bas  but  a 
alight  asaociation  with  the  skin.  At  the  interdigital  clefts  or  webs  of  the 
fingers,  the  aubcutaneous  tiasue  is  continuous  with  that  about  tbe  fingers,  and 
mergea  into  the  looae  areolar  tissue  on  the  dorsum  of  the  hand.  It  is  continued 
into  the  space  beneath  the  central  portion  of  the  palmar  fascia,  blending  vith 
the  areolar  tisane  found  there.  The  transition  in  the  character  of  the  aub- 
cutaneous  tissue  found  in  the  web  of  the  fingers  from  that  of  the  palm  ex- 
plaina  why  ezudatea  make  their  way  to  the  deep  surface  rather  thau  to  the 
superficial  surface  of  the  palmar  fascia. 

The  Ijmphatics  of  the  palm  are  scantj  and  verj  small,  wheTea8  on  the 
doraura  thcy  are  large  and  profueely  distributed.  This  i»  tbe  reuon  yihj 
infections  on  the  doreum  of  the  hand  and  fingers  are  foll  '  mt^ 

tis,  and  abscess  formation  ia  more  common  on  the 

According  to  Hosthom,  during  fetal  life  & 
finger,  extending  from  the  ungual  phalanz  tf 
At  birth,  or  soon  thereafter,  a  fusion  vm 
sacs  of  the  thumb  and  little  finger  viti 
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hand:  the  little  liDger  aac  uniting  with  the  ulnar  bursa,  acd  the  thnmb  sie 
uniting  with  the  radial  bursa.  The  2  palmar  bursfe  extetid  into  the  foreano 
about  a  thiimb'8  brcadth  above  the  anterior  carpal  ligament. 

In  the  palm  of  the  hand  we  bave  two  large  bursal  sacs.  The  nlnar  sae 
envelops  both  the  aiiperficial  and  deep  flezors  and  exteiids  upward  above  the 
wriat  joint.  This  sac  is  prolongcd  downward  along  the  inner  tendotu  to  the 
beginnmg  of  the  di^ital  ehcath  of  the  little  finger  with  which  it  nsuall^  com- 
mimicates.  The  tendoua  of  the  ring  and  little  fingers  are  more  estensivelv 
invested  by  this  membrane  than  those  of  the  index  and  raiddle  fingers.  The 
radial  bursa  ia  of  less  extent  and  invests  the  tendon  of  the  flexor  longus  pollicis. 
Thia  sac  invests  the  tendon  on  its  anterior,  radial  and  poBterior  Burfaoes,  bnt  is 


Fio.   23. — Laroi:   Ulnar  Bdrha 


attaclied  bv  a  mescnterv  along  its  nlnar  border.  In  a  certain  mimber  of  cas^ 
a  aeparute  sac,  is  foiind  about  the  deep  flexor  tendons  of  the  index  finger.  A 
sagittal  septnm  or  space  ia  plnocd  behind  the  median  neire,  which  aer\'^e3  to 
mark  ofT  the  separatum  bptwt;pn  the  radial  biirsia  nnd  the  ulnar  bursa.  If  we 
open  the  ulnar  bursa  and  note  the  poaition  of  tlie  tendons  in  relation  to  the 
sne,  wc  wil]  see  tliut  tlu-re  are  .t  iuvaginations:  1  anterior  to  the  snperficial 
flexora;  1  between  tlie  supprfieial  and  doep  gronp;  and  1  behind  tbe  deep 
flesor.  This  arraujrement  wa8  first  deaeribed  bv  Legiiey,  who  called  thein  tbe 
prcfendinous,  intertendinous,  and  retrotendinous  spaces  of  the  great  carpal 
bursa.  From  the  foregoing  description  It  will  be  readilv  seen  that  infeetion 
of  tlie  svnoviai  aheaths  of  tbe  indes,  middle  and  ring  fingers  will  be,  for  t 
time,  confined  to  these  spaces.     Infeetion  in  the  tbumb  and  little  finger  sbmtiiB 
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can  raadilj  eKteod,  the  ooe  into  the  radial  bursa,  the  other  into  the  ulnar  buraa, 
and  thence  into  the  forearm. 

The  s.vnoviaI  sheaths  of  the  extensor  tendons  at  the  back  of  the  wri8t  lie 
bcneath  the  posterior  anniilar  ligament,  but  superficiallv.    The  accompanjing 


Fid.  23. — Synoviai.  Sheathb 


diagram  shows  well  their  airangemeot  and  position.  A  further  deacription  is 
unneceasarj. 

Snpparative  Discaiei  of  the  Hud  in  General A  dcscription  of  the  infectious 

processes  of  the  tendon  Bheatha  cannot  be  undertaken  without  mention  being  made  of 
the  other  eitcs  wherc  pua  ia  found  in  the  auppurative  diseas«i  of  the  hand.  Thus,  we 
must  re«ifrnize  tho  exact  level  at  wliich  the  pua  is  eituatcd,  or  clae  our  operative  eSorts 
for  the  relief  of  theae  conditions  witl  do  mucli  hann. 


W©  recognize  the  folloiiping  levels  for  the  eitiiation  of  the  pua: 

1.  Subepidermic  infections. 

2.  Subcutaneous  infections. 

3.  (a)  Siibfascial  infections,  (b)  infections  in  tht>  tendon  sheaths. 

4.  SubperioBteal  or  rather  osseoperiostejil  iiifctlrms. 

If  one  obser^-es  closel>"  the  svmptonis  rcfcrahlo  tu  pns  in  thoso  varions 
lerels,  a  distinct  cHnical  picture  will  l)c  ohtiilned.  Tnlcss  this  is  done,  one 
maj,   by  carelese   approach   to   the   piis,    transfcr    iiifcL-tioiis   material    from 


a  siiperficial  to  a  deeper  level,  or,  uot  findiug  tlie  pus  at  a  supe> 
ficial  level,  deaist  and  fail  to  give  tiie  relief  necesearj.  EKtension  of  the 
inflammatory  products  from  one  level  to  another  very  sooii  takes  place,  and 
unless  tlieae  conditiona  are  rocognized  in  their  very  begiuuiug  permaneni 
damage  wi]l  be  doue  to  structures  whicli  otlierwise  niiglit  have  beon  saved  bv 
prompt  recognition  of  the  oondition.  Tendons  bathed  by  pas  for  48  himn 
will  die.  Two  stageB  of  the  inflanunatioa  must  be  recogaized :  A  stafc  of 
iuTasion  and  a  stage  of  frank  formation  of  pus.  To  save  tendoni  involvcd 
suppurative  inflamrnations,  relief  mast  be  institated  daring  the  period  of 
.nvasion  or  iaflammation.  If  it  is  uudertakcu  latcr,  the  tendons  will  have 
died  aud  the  pus  will  have  extended  iuto  the  paliu  of  the  haad  or  ioto  tbe 
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Fra.  25.— DiAUHAlJMATic  Refrebgntation  o 


forearm.  Operation,  then,  will  be  coiicerned  in  combating  a  general  Mps'* 
rather  thaii  the  aaving  of  anatomical  stnicturea.  The  inflainmatorv  prodocta 
make  their  way  from  oue  part  of  the  fiugers  or  hand  to  another  by  direct  ei- 
tension,  by  Ivmphatic  channela  and  by  the  blood  Btream.  By  direct  estension 
the  pus  in  the  subcutaneoua  level  makea  ita  way  from  the  finger  into  the  intei' 
digital  eleft,  theuoe  it  ean  extend  readily  onto  the  doraum  of  the  llandorinto 
the  palm  heneath  the  palmar  fascia.  The  readiness  with  which  iiiflamms^rj 
producta  travel  along  a  given  level  renders  the  Kanuvel  esplanati""  "' 
the  wny  pus  makes  its  way  onto  the  back  of  the  hand  or  into  the  palm  i* 
necessarv,  Kauavel  believea  that  the  liimbrical  miiscles  or  their  iM^'" 
investmenta  offer  the  channels  along  vvhich  pus  extends  from  the  hn^f* 
into  the  palm  or  vice  veraa.  The  well  known  resistance  of  m"*" 
tissue     to     inflammatory     proceseea     seen«     to     render     thia     espl*"*!"*" 
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DiSEASES  OF  THE   TeNDOTT   SkEATHS 

The  diseasea  of  tlie  tendon  sheaths  are  due  to  injurj,  orer-iise,  rheumatism, 
gout,  goDorrhea,  syphilis,  tuberculosia,  and  infoction  with  pyogenic  orgatiisms. 

Rheumatism,  gout,  gonorrhea,  and  s^philig  of  the  tendoii  sheaths  seldom  call 
for  surgical  interference,  their  treatment  being  embraced  in  the  treatment 
directed  to  the  cure  of  the  underl^ing  condition. 

Injury  of  a  tendon  sheath,  where  the  tendon  itself  is  not  8evere1y  damaged, 
appears  in  the  form  of  a  hemorrhage  occurring  in  its  interior.  The  treat- 
ment is  the  same  as  for  other  small  bemorrhages  occurring  in  varioua  tisaues 
and  cavitiea  of  the  body. 

Aonte  Teii(MynOTitia. — In  the  hand  this  form  of  inflammation  occurs  moBt 
often  in  the  extenBOr  tendons  of  the  thumh.  In  the  foot  it  occurs  less  often, 
usuall;  in  the  sheaths  of  the  peronei.  It  arises  as  a  result  of  esceasive  use 
of  the  part,  commoulj  in  one  unused  to  that  particular  form  of  exerciae.  The 
initial  stage  of  the  inflammation,  evidenced  by  pain  and  the  characteristic 
creaking  (that  haa  given  the  name  of  "tenosynovitis  crepitans"  to  this  par- 
ticular stage  of  the  diseaae),  is,  as  a  nile,  Boon  foUowed  by  a  pouring  out  of 
a  serous  efFusion.  With  the  occurrence  of  the  serous  esudate,  there  are  dis- 
appearance  of  the  pain  and  cesaation  of  the  crepitua. 

TREATMENT. — It  has  been  found  that  recovery  ia  hastened  by  alloving 
a  certain  amount  of  use  of  the  part,  combined  with  support  and  compreasion 
in  the  form  of  a  anug  dressing,  such  as  adhesive  plasten  Discontinuance  of 
the  particular  form  of  esercise  that  gave  rise  to  the  condition  ia,  of  course, 
eaaential. 

Chronio  TenotTnoritu. — Chronic  tenosjuovitis  occurs  when  the  esudate  in 
the  acute  form  peraists,  and  in  spraina  of,  aod  fractures  about,  joints  treated 
by  too  prolonged  reat.  Here  adhesions  form  between  the  layera  of  the  aheath, 
and  much  disability  results,  until  the  adhesions  are  broken  down  and  kept 
from  reforming  by  exercise,  massage,  baking  and  hot  and  cold  bathing. 

PLABTic  TYPE  OP  CHBONic  TEN  OST  NO  VI  TI  8. — This  type  ia  aoraetimes 
met  with,  and  ia  apt  to  give  rise  to  much  uncertainty  in  diagnosia.  It  occurs  in 
tbose  who  persist  in  the  exercise  that  gives  rise  to  the  acute  variety.  From  the 
continued  irritation,  recovery  is  not  al1owed  to  take  ptace  in  the  inflamed 
sheaths,  and  the  ezudate,  becomiug  thickened,  forms  a  jelly-like  mass  that 
resembles  very  cloeely  a  type  seen  in  the  tuherculoua  form  of  diaease. 

This  was  the  čase  in  nn  orjtaniat  in  one  of  our  ciithpilrals,  vfho  waa  operat«!  upon 
by  me.  The  patient,  a  thin.  wiry  man.  Uutl  tlip  i-Ktenuor  tenrioii«  of  the  wriat  involved. 
Operatioii  tiiseloBed  a  jel]y-]ike  exudate  filliiig  the  eli<'atha  of  the  eKtonoore  of  the  wmt 
and  the  common  ext«iisora  of  tbe  fingent.  Tliis  wiib  exeiiied  toitether  with  the  sheaths, 
and  in  the  belief  that  ihp  caae  wa8  onp  nf  tiilifrriilnsis,  the  wound  W8a  dusted  with 
iodoform  powder  and  cloaed  without  drainuKe,  The  patient  iriade 
and  was  Boon  al  his  old  occuptttion.    Ksaminntion  of  the  tissue  by  [ 
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presented  a  similar  eondition  on  the  back  of  the  other  hand.  Operation  discloeed  an 
exudate  of  the  same  eharaeter.  The  same  method  of  treatment  wa8  emplojed  and 
again  was  followed  by  complete  recovery.  A  few  jrears  later  the  patient  retumed,  this 
tipie  with  a  swelliiig  in  the  palm  of  the  right  hand.  This  was  found  at  operation  to  be 
of  the  same  eharaeter.  The  sheath  involved  wa8  about  the  tendon  of  the  deep  fleior 
of  the  index  finger,  and  did  not  communicate  with  either  the  radial  or  largre  ulnar 
bursa.  For  a  third  tirne  the  patient  made  a  perfeet  recovery,  and  haa  since  remained 
well.  At  no  time  did  he  8how  any  evidence  of  tuberculosis,  and  the  čase  must  be 
classed  as  one  of  chronic  plastic  tenosynoyiti8. 

Syphilitic  Tcno8ynovitis. — Syphilitic  tenosjnovitis  occurs  in  the  earlj 
stages  of  syphilis  in  the  form  of  a  serous  exudate,  in  the  later  stages  it  takes 
the  form  of  a  giimniata-like  infiltration  of  the  sheaths.  Pain  is  not  a  promi- 
nent  sjmptom,  and  recovery  can  U8ually  be  brought  about  by  appropriate 
treatment  directed  toward  the  underlying  eondition. 

Oonorrheal  Tenosjnovitis. — Gonorrheal  teno8ynoviti8  i8  most  often  of  the 
serous  varietv,  but  is  characterized  by  greater  pain  and  more  pronounced 
swelling  in  the  tendon  sheaths.  The  differential  diagnosis  is  made  on  finding 
the  gonococci  in  tlie  urethral  or  cervieal  discharge. 

TREATMENT. — Treatment  in  the  vast  majority  of  cases  consists  in  the 
application  of  a  splint,  the  use  of  an  ice  bag  over  the  inflamed  tendons^  and 
the  cure  of  the  primary  eondition.  Rarely  will  it  bo  found  necessarj  to 
puneture  the  sheaths  and  draw  out  the  fluid  if  a  proper  fitting  splint  is  em- 
ployed  to  give  absolute  rest  to  the  part.  The  autogenous  vaceines  have  of 
late  been  extensively  employed  in  this  type  of  inflammation.  Their  method 
of  administration  will  be  found  deseribed  in  another  part  of  this  work. 

Tubercnlons  Tenosynovitis. — Tuberculous  tenosvnovitis  occurs  as  a  result 
of  the  presence  and  ^rowth  of  the  tubercle  bacili  i  in  the  tendon  sheaths.  The 
eharaeter  of  the  inflanimatorv  products  presen ts  a  great  varietj.  In  the 
earliest  form  the  exudate  is  fi;enerally  serous.  In  the  later  stages  the  exudate 
becjomes  thieker  and  more  fibrinous,  often  with  the  formation  of  rice  bodies. 
The  sheaths  l)e(*ome  thickened,  and  tuberculous  granulation  tissue  fornis  in 
their  interior,  form  ing  (*heesy  masses  which  are  very  liable  to  break  down  and 
form  cold  abscesses.  The  commonest  site  for  this  form  of  synovitis  is  in  the 
great  carpal  bursa*  of  the  hand. 

TREATMENT. — Froni  the  point  of  view  of  surgical  treatment  tuberculosis 
of  the  tendon  sheaths  divides  itself  into  2  classes:  one  where  the  exudate 
renuiins  fluid,  or  contains,  at  the  most,  rice  bodies,  the  other  where  the  sheath 
ccmtains  a  plastic  or  clieesv  exudate,  or  sliows  the  various  stages  of  tuberculous 
degeneration. 

(^ases  of  the  first  group  mav  be  treated  bv  evacuation  of  the  fluid  exudate 
and  the  rice  bodies,  if  thev  are  present,  and  the  filling  of  the  sheath  with  a 
5  j)er  cent.  emulsion  of  iodofonn  and  glvcerin.  This  mav  have  to  be  repeated. 
The  parts  sliould  be  kept  at  rest  by  means  of  a  splint  for  a  period  of  3  to  4 
weeks. 
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The  other  forms  of  tuberculosis  of  the  tendon  sheaths  should  be  treated 
by  excision.  This  should  be  done  through  ample  incisiong,  and  with  the  help 
of  artificial  ischemia.  Superficial  portions  of  the  tendons  will  have  to  be  re- 
moved  as  well  as  the  sheaths  in  some  of  the  cases.  The  after-care,  as  in  ali 
forms  of  surgieal  tuberculosis,  is  most  important,  and  should  combine  proper 
feeding  together  with  an  out-door  life. 

Acute  Suppurative  Inflammation  of  the  Tendon  Sheaths. — In  the  deserip- 
tion  of  the  anatomy  of  the  tendon  sheaths  it  was  pointed  out  how  important  it 
was,  for  a  clear  understanding  of  these  conditions,  to  have  a  classification  based 
on  the  anatomical  site  of  the  original  inoculation.  The  rapidity  with  which 
infIammatory  products  can  make  their  way  from  one  level  to  another,  and 
extend  to  other  parts  of  the  same  level,  makes  it  necessary  to  seek  for  symp- 
toms  of  inflammation  of  each  particular  level.  When  the  disease  bas  pro- 
gressed,  and  one  form  bas  merged  into  another,  unless  one  bas  followed  the 
pathological  picture  closely,  endless  confusion  in  the  conception  of  these  diseases 
will  be  the  result. 

Infection  may  reach  the  tendon  sheaths  by  extension  from  some  neigh- 
boring  focus  in  the  skin  or  subcutaneous  tissues,  or  may  extend  to  the  sheath 
from  an  underlying  disease  of  bone  or  joint.  It  will  thus  bo  seen  how  impos- 
sible  it  is  to  discuss  suppurative  conditions  in  the  tendon  sheaths  without 
taking  count  of  other  inflammatory  conditions  in  the  various  parts  of  the  hand. 

The  most  usual  way,  however,  for  pyogenic  bacteria  to  gain  entrance,  is 
through  punctured  wounds  caused  by  some  small,  sharp  object,  such  as  a 
pin,  needle  or  fish-hook. 

Two  stages  of  the  inflammation  must  be  considered,  and  the  treatment 
employed  differs  according  to  the  particular  stage  of  inflammation.  The  first 
stage  is  characterized  by  a  serous  exudate  with  few  pus  cells.  If  treatment 
is  initiated  during  this  period,  it  is  often  possible  to  terminate  the  inflammatory 
process;  if,  however,  relief  is  not  started  within  48  hours,  the  inflammation 
will  have  passed  to  the  stage  of  frank  suppuration.  The  treatment  during 
the  first  stage  is  directed  to  the  termination  of  the  infection,  and  if  successful, 
recovery  and  retum  to  normal  follow. 

In  treating  the  second  stage,  one  must  recognize  the  impossibility  of  saving  sheaths 
and  tendons  bathed  in  pus.  Here  one  is  eoneemed  in  confining  the  inflammatorj 
process  to  its  original  site,  or  in  opening  regions  to  which  the  disease  has  spread.  If 
left  untreated,  the  punilent  exudate  ruptures  its  sjnovial  envelope  and  spreads  to  the 
subcutaneous  regions  of  the  hand  and  fingers,  thence  makes  its  way  through  the  skin, 
and  fistulous  tracts  are  formed  whieh  give  exit  to  the  pus,  with  relief  from  pain  and 
subsidence  of  the  swelling.  Eventually  the  necrotic  tendons  whieh  have  died  during 
the  course  of  the  inflammation  are  čast  off  in  shreds,  or,  remaining  in  the  wound,  keep 
up  endless  suppuration  in  the  fistulous  tracts. 

The   articulations   may   be   invaded,    and    periostitis   and    ostitis   of   the 

phalanges  take  plače,  prolonging  the  period  of  the  disease.     The  finger  freed  by 

the  loss  of  the  tendons  yields  to  the  aetion  of  the  extensors  and  assumes  a 
4S 
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position  of  permanent  extension.  If  healing  takes  plače,  the  finger  remains 
ankjlosed,  rigid  and  useless.  When  the  articulations  are  involved  and  ostitis 
of  the  bones  supervenes,  great  pain  is  experienced  from  lack  of  support  to 
the  joints,  and  amputation  becomes  necessarj. 

When  the  disease  originates  in,  or  has  extended  to,  the  palm,  one  must 
distinguish  whether  the  suppuration  lies  in  the  bursal  sacs  in  this  region  or  is 
situated  in  the  loose  areolar  tissue  beneath  the  palmar  f  ascia.  When,  in  the 
great  carpal  bursa,  the  inflammation  will  have  extcnded  above  the  wri8t  joint 
When,  in  the  loose  areolar  tissue  beneath  the  palmar  f  ascia,  the  8welling  will 
be  more  centrallj  placed.  Determination  of  the  original  site  of  infeetion  and 
a  recognition  of  the  progress  of  the  inflammation  will  help  one  in  determining 
the  region  involved. 

COMPLICATIONS. — Gangrene,  diffuse  cellulitis,  erjsipelaa  and  secondaij 
foci  in  the  forearm  are  among  the  chief  complications. 

In  diabetics,  gangrene  of  the  tissues  readilj  takes  plače. 

Erysipelus  adds  its  special  sjmptoms  and  burdens  to  those  alreadj  suf- 
fering  from  a  severe  disease. 

Cellulitis  of  the  forearm  in  the  deep  cellular  planeš,  from  extension  of  the 
disease  in  the  hand,  adds  its  dangers  and  often  even  jeopardizes  the  life  of 
the  patient  from  profound  sepsis. 

Lymphangitis  occurs  more  conmionlj  from  subcutaneous  foci  on  the  do^ 
sum  of  the  fingers,  their  interdigital  clefts,  and  the  back  of  the  hand.  Ex- 
tension  through  the  deep  lymphatics,  following  the  line  of  the  blood  vessela 
into  the  forearm,  may  account  for  some  of  the  abscesses  found  there. 

INCISIONS. — Incisions  for  the  relief  of  the  above  conditions  should  be 
placed  as  follows: 


Small  abscesses  or  furuncles  on  the  dorsum  of  the  hand  or  the  dorsum  or 
of  the  fingers  should  be  incised  over  the  most  prominent  part  of  the  8welling.  These 
arise  usually  from  small  wound8,  abrasions,  or  infeetion  of  the  hair  follicles.  The 
pus  may  be  found  j  ust  beneath  the  epidermis,  or,  following  the  traet  of  a  hair  follicle 
or  sudoriferous  gland,  it  may  have  reached  the  subcutaneous  layer.  When  the  epi- 
dermis is  removed,  a  communication  may  be  discovered  between  a  superficial  and 
deep  abscess,  constituting  the  variety  known  as  the  dumb-bell,  or,  as  the  French  call  it, 
"panaris  en  bouton  de  chemise." 

Abscesses  on  the  palmar  aspect  of  the  fingers  and  in  the  interdigital  clefts 
are  U8ually  of  the  subcutaneous  varietj,  arising  from  cracks,  small  wounas 
and  punctures.  If  left  untreated,  they  can  rapidlv  extend  into  the  areolar 
tissue  beneath  the  central  portion  of  the  palmar  fascia,  gain  entrance  to  the 
tendon  sheaths,  or  extend  to  the  back  of  the  hajid.  These  are  best  opened  bv 
incisions  placed  over  the  most  prominent  part  of  the  swelling.  Čare  should 
be  taken  not  to  transfer  the  pus  in  this  variety  to  the  tendon  sheaths  by  čare- 
lesslj  placed  or  carelesslj  made  incisions.  The  webs  of  the  fingers  shouid 
be  preserved  whenever  possible,  2  incisions,  1  on  the  palmar  aspect  and  1  ^^ 
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tlie  dorsal  aspect  of  the  web,  beiDg  preferable  to  an  incision  that  divides  the 
web.  Tlie  palmar  incisions  may  be  cxtended  well  into  tlie  liand,  čare  being 
taken,  in  making  tlieni,  to  avoid  tfae  siiperficial  pahiiar  arcli. 

These  piilniar  incisions  give  freo  accees  to  tlie  central  spacc  beneath  the  pal- 
mar fasc-ia.  Transverse  division  of  this  fascia  ina,v  be  nocessarv  to  insure  free 
drainage. 

Longitudinal  division  of  the  palmar  faacia  is  UBuallj  not  sufficient,  unleas 
drainage  tubea,  wbich  are  objectionable,  are  used. 

Infection  in  the  tendon  sheatha  of  the  fingera  during  the  early  Btage  of  iuvasion 
ie  best  relieved  hy  inciaions  enteriug  the  aheath  on  either  side,  oppoaite  the  2  prozimal 
phalanRc?^.  These  tentatiTe  inciaions,  combined  with  a  thorough  flushing  of  the  eheath 
and  the  use  of  mbber  tisaue  drains,  wil]  often  terminale  the  infection  in  this  stage. 
Complete  restoration  of  fuaction  maj  be  boped  for. 

In  dealing  with  infections  of  the  sheathB  in  the  second  stage  of  inflamma- 
tion,  one  cannot  hope  to  save  the  tendons  in  their  entirety,  and  the  sbeatb  mtist 
be  opened  from  end  to  end.  This,  however,  can  be  done  through  incieions 
which  do  not  divide  the  folda  of  the  skin  oppoaite  the  articulations. 

When  the  pus  hae  invaded  the  great  ulnar  bursee  it  can  be  evacuated  and 
the  iutcrior  of  the  sac  thorougbly  exposed  through  an  incision  that  occupies 
the  lower  2/3  of  a  line  extending  from  the  8tyloid  procesa  of  the  radiua  t« 
a  point  over  the  bead  of  the  fifth  metacarpal  bone. 

This  line  will  be  found  to  approzimate  closel?  the  radial  border  of  the  hjpothenar 
eminence.  The  bon?  landmsrk  must  be  remembered,  because,  when  the  hand  is 
8Wolien,  the  line  of  the  second  guide  will  be  obliterated.  In  infections  of  the  radia] 
buren,  an  incision  placed  directlj  over  the  tendon  opposite  the  lower  2/3  of  the 
metacarpal  bone  of  the  thumb  will  give  acceas  to  this  sheath  with  but  slight  injur? 
to  the  short  musclea  of  tbe  thumb. 

Couiit«r  openings  should  be  made  on  the  prosimal  side  of  tbe  annular 
lig&ment  to  drain  portions  of  both  these  burase  wbicb  extend  into  the  forearm. 

THE  ANE8THETIC. — A  general  anestbetic  should  be  given  when  performing 
these  operationa,  aa  complete  control  of  the  operative  field  is  verj  essential. 


THE  FASCIA 

The  faacia  is  of  great  intereet  to  tho  siirgpon.  ITis  intimatfi  knowledge 
of  this  stnioture  wil!  greativ  facilitjito  his  operative  procedures  (eapeciallv 
in  dealing  witli  the  fluid  produets  of  inflammatorv  eonditions)  and  grentiv  aid 
his  understanding  of  the  coursc  thni  exudat«s  and  colleetions  of  hlood  take 
when  occurring  in  various  regionn  of  tlie  bodv.  Thns  tho  fascia  of  Colles 
offern  the  aole  expIanation  of  th«  coitra^^^e  estravasation  in  niptiire  of 
tlie  urcthra.     The  p(M^|Mi|didAdjk|i^^^^Kliik«n  br  tlic  cxudatc  in  coM 
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abscesseB  occiirriag  in  the  cervical  aod  Inmbar  portions  of  the  spine  are  onlj 
to  be  appreciated  by  a  knowIedge  of  the  fascia  of  those  regions. 

While  the  fascia  determinea  the  direction  and  progress  of  finids  along  quile 
definite  anatomical  Hnes,  inatances  are  not  uncommon  where  an  abscess  or 
growth  secms  to  ignore  these  menibranea,  and  to  purane  a  coiirse  of  its  flwn. 
Thia  can,  however,  iisiiallv  be  explained  by  tbe  abscesa  or  growtb  having 
destro_yed  the  limiting  membrane,  and  gained  accesa  to  different  levels.  The 
destructive  character  of  cervical  abstesses  depends,  without  donbt,  iipOE  the 
unjieiding  nature  of  the  faacia.  The  invasion  of  the  thoracic  cavity  by  in- 
flammatorv  producta  in  the  neck  and  the  extenaion  of  exudates  and  Becretions 
following  operations  on  the  larynx,  trachea,  and  eaophagtiB  are  too  well  knovn 
to  require  mention. 

The  controlling  aod  limiting  effects  of  the  fascia  in  varioiis  parts  of  the 
bodv  wi]l  be  diaeussed  by  the  writer9  dealing  witb  the  diseases  and  operations 
of  those  regiona.  It  remains  for  me  to  describe  tbe  general  diaeases  of  the 
fascia,  which  are  not  numerona.  Tho  involvement  of  the  fascia  associated  m& 
the  Tarioiis  forma  of  wry  neck  is  more  properlv  dealt  with  bv  the  writers 
on  that  region. 

Injnriea  to  and  Kupture  of  the  Faacia. — Injiiries  to  and  rupture  of  the 
fascia  bave  hecn  dtsciisscd  in  connoctioii  with  the  diseases  of  miisclea. 

Dnpuytreii's  Contractore. — The  discase  of  tbe  fascia  wbich  the  general  sur 
geon  is  called  upon  to  treat  more  often  than  bia  orthopedic  brother  is  that 
known  aa  "Dupiiytren'a  contracture."  This  condilion  of  tbe  pabnar  fascia 
wa3  firat  aceiirately  and  anatomically  describcd  by  Dupu^lren.  A  wide  dif 
ference  of  opinion  stili  exiat8  as  regarda  its  etiologj.  The  unfortnnato  fre- 
quency  witb  whicb  the  disease  retums  after  operation  would  make  a  conipletij 
understanding  of  its  cauaation  desirahle.  Lacking  this  eomplete  elucidatiou 
of  tho  aubject,  tbe  surgetjn  raiist  contjuue  to  base  hia  treatnicnt  npon  the 
patbology  of  tbe  disease  and  the  facta  at  present  accepted  aa  contributing  to 
its  causation.  Langham  believes  tbe  new  formation  of  connective  tisane  t" 
be  of  an  inflaramatorv  nature,  as  he  describes  nuclear  proliferation  in  tbeMlIs 
in  the  coats  of  the  artcries,  as  well  aa  in  the  connective  tiasue  betweeD  indindual 
fibroiis  strands.  This  miclear  proliferation  is  best  aeeu  in  tbe  fibers  ffhich 
attacb  tho  fascia  to  the  skin, 

The  growtb  of  the  connective  tisaue  ia  not  evenly  distributed,  as  nodulaf 
formation  takes  plače  in  the  contracting  bands. 

Gout  and  rheuraatism  aro  commonlv  meutioned  aa  contribiiting  fictor^ 
Traiima,  bowever,  aeems  to  plav  the  greater  part  in  the  causation  of  the  disea*^ 
Some  anthors  bolieve  that  the  loss  of  the  subcutaneous  fat,  thus  espoeing"*^ 
faacia  to  greater  traiima,  is  a  predisposing  caiise.  T 

More  rc<^ently  Ledderbose,  from  clinical  and  microscopic  atiidy,  bas  W* 
vanced  the  theorv  that  the  beginning  of  tbe  (iisease  ia  inflammatorv  in  chaf 
acter  from  tbe  proliferation  of  cella  seen  in  the  coats  of  the  vessels  *'"' 
between  the  fibrous  bands.    He  believes  that  traiima,  acting  upon  the  inflaHK" 
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fascia,  produces  a  reaction  followed  by  nodular  formation  and  subsequent 
contraction  of  the  new  tissue.  Until  proof  of  a  very  convincing  character  is 
produced,  traiima,  in  the  minds  of  most  surgeons,  will  stand  as  the  greatest 
causative  factor. 

The  occurrence  of  the  disease  on  the  ulnar  side  of  the  palm,  the  side  which 
bears  the  majoritj  of  blow8  and  which  is  used  in  many  occupations  to  deliver 
blows,  as  in  the  carpenter's  use  of  the  chisel,  must  convince  one  that  trauma 
plays  a  most  important  part. 

Fibromata  occur  in  various  parts  of  the  body  as  the  result  of  injury  to  the 
eonnective  tissue.  Ganglion  is  now  believed  to  result  from  the  transformation 
of  small  hemorrhages  occurring  in  the  fibrous  tissue  about  joihts  and  sheaths 
of  tendons.  Both  the  above  arise  as  the  result  of  injury  to  the  fibrous  tissue, 
and  it  is  reasonable  to  suppose  that  the  change  in  the  fascia  of  the  palm  takes 
plače  in  the  same  manner. 

The  measures  for  the  relief  of  this  condition  are  divided  into  palliative 
and  radical  operations.  In  the  palliative  operations  the  contracted  tissue 
is  divided  subeutaneously,  or  a  single  or  several  incisions  are  made  across 
the  long  axis  of  the  bands  without  attempting  to  remove  any  of  the 
tissue. 

In  the  radical  or  open  operations,  as  they  are  called,  the  removal  of  the 
restraining  tissue,  in  part  or  in  whole,  is  attempted. 

Transplanting  or  shifting  of  skin  flaps  forms  a  part  of  some  of  these 
operations.  The  disease  after  a  shorter  or  longer  tirne  involves  the  skin,  thin- 
ning  it  out  and  making  it  very  difficult  to  reflect  it  as  a  flap  from  the  under- 
lying  fibrous  tissue. 

PALLIATIVE  OPERATIONS. — ^DupUTTREN^s  OpERATioN. — Extend  the  fin- 
gers  and  divide  the  bands  by  means  of  transverse  incisions  placed  opposite 
the  metacarpophalangeal  joints.  The  incisions  are  carried  through  the  skin 
and  fascia,  naturally  not  through  the  flexor  tendons.  The  fingers  are  fixed 
in  the  extended  position  by  means  of  a  splint. 

Adam's  Operation. — ^At  places  where  the  skin  is  not  adherent  to  the  sub- 
jacent  band,  a  fine  tenotome  is  introduced  and  the  band  divided.  This  is 
done  at  several  points.  Fix  the  fingers  by  means  of  a  splint  in  the  extended 
position. 

MuLTiPLE  Transverse  Division. — This  is  the  same  as  Dupuytren's  opera- 
tion. After  the  division  of  the  contracture,  the  fingers  are  extended.  The 
skin  will  be  found  to  gape  at  the  site  of  the  incisions.  These  gaps  are  covered 
by  a  Thiersch  graft  and  treated  accordingly. 

After  healing  has  taken  plače  in  the  above  operations,  make  use  of  mas- 
sage,  and  retain  the  splint  until  there  is  no  tendencv  in  the  fingers  to  resume 
their  former  position. 

RADICAL   OR  OPEN   OPERATIONS    (KOCHER,   HARDIE,  ETC). —  LoNOITUDI- 

NAL  Incision. — Through  a  longitudinal  incision,  after  reficcting  the  skin  to 
either  side,  exci8e  as  much  of  the  contracted  palniar  fascia  as  can  be  reached. 
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(Hardie  divides  the  fascia  transverselj,  excisiiig  portions  at   times.)     The 
after-treatment  is  the  same  as  for  the  palliative  operations. 

The  V-shaped  incision,  with  base  toward  the  finger  involved,  sometimeB  gives  t 
wider  expo8ure  to  the  disease  in  the  hand.  After  excision  of  the  scar  tissue  and  ex- 
tension  of  the  finger,  the  wound  will  gape  widely  and  the  subseguent  suture  of  the 
wound  will  be  Y-8haped. 

Lotheissen's  Operation. — This  procedure  ezposes  and  removes  the  fas- 
cia through  an  L-shaped  incision  placed  along  the  ulnar  border  of  the  hand 
and  across  to  the  base  of  the  thumb.  After  excision  of  the  contracture  and 
straightening  of  the  hand,  the  woiind  will  be  found  to  gape  where  the  incision 
crosses  the  wri8t.  This  incision  gives  access  to  a  region  in  the  hand  ordi- 
nariljr  uninvolved  by  the  disease,  and  a  poor  exposure  of  the  region  actiiallv 
involved. 

Lexeb's  Method. — Lexer  recommends,  even  in  the  lesa  advanced  eases^ 
excisions  of  the  entire  aponeurosis  and  sacrifice  of  a  wide  area  of  skin.  The 
wound  is  closed  by  a  whole-skin  flap,  the  hand  being  placed  beneath  a  flap 
raised  f rom  the  abdomen. 

The  frequency  with  which  our  operative  effort  for  the  relief  of  this  condi- 
tion  meets  with  failure,  renders  comment  on  these  more  ambitious  operatious 
unnecessary. 


CHAPTER    SV 

GDN8H0T    W0UNI>8    AND    THEIB    TBEATMENT 

AtBZANDEB    BbTAN    JohNSOIT 

OENEKAL  OONSIDESATIONS 

Before  diacuBsing  gunsbot  wound8  and  their  treatment  a  few  preliminar/ 
remarka  may  not  be  out  of  plače.  In  order  to  treat  theae  vounds  intelligeiitly 
special  knovledge  iB  necessar^.  They  differ  in  many  way3  from  other  in- 
jtiriea.  Tlicy  are  produced  by  projcctilea  fired  by  meana  of  an  explosive  from 
rifles,  pistols,  shotguns,  and  from  cannon.  Another  group  of  wound8  which 
must  be  considered  with  gunsbot  woundB  includes  tbose  made  hy  the  explo8ion 
of  borabs,  shclls,  hand  grenades,  and  similar  devices. 

In  character  gunsbot  wound8  resemble  botb  punctured.  contiised  and 
lacerated  wounde.  Sometimea  these  wound8  are  almost  identical  with  punc- 
tures ;  in  otbcr  casea  tbe  wounde  resemble  contuaiona,  lacerations,  and  crusbes. 
In  severity  they  may  be  of  any  grade  from  a  slight  contusion  to  the  losa  of  an 
entire  limb,  dccapitation,  etc.  Wbeii  made  hy  bullets  the  wounds  of  entrance 
and  of  exit  may  resemble  mere  punctures,  and  often  fumiab  no  direct  evidence 
of  the  extent  and  gravity  of  the  destruction  wrought  in  tbe  deeper  tissues. 
Often  sncb  destruction  is  estensive,  and  thougb  it  cannot  be  seen  from  witbout, 
it  may  be  inferred  from  tbe  known  peculiarities  of  bullet  vounds,  sucb  as 
losa  of  function,  shock,  and  other  locat  and  general  signs  and  symptomB. 
These  peculiarities  of  bullet  vounds  are  many  and  varied.  No  practical 
rulea  for  treatment  can  be  given  without  taking  them  into  accomit;  benoe 
it  will  be  neceBsary  later  to  discuss  at  some  lengtfa  the  effeots  of  different 
kinda  of  projectilea  upon  tbe  different  tissiies  and  orfraiis  of  the  human 
body. 

PracticaIIy,  an   important  distincition  mav  be  tmido  l>ctweon  wounda  ro- 
ceived  in  warfare,  whetber  afloat  or  asbore,  and  wound8  rooeited  in  t 
in  times  of  peaee.     Not  onlv  are  the  wcnpons,  tlir  irnjr-ftllpaj.ij 
themselves,  aa  a  nile,  quite  different,  Imt  nl.Hi 
tboy  are  received  and  the  facilities  for  their  tri;:ii.lu.ui, 


for  tbeir  tri;:ii.lu.ui^ 


WOUNDS    BEOEIVED  IN    OIVIL   LIFE 

The  gunshot  woiind3  coming  imder  our  čare  at  the  New  York  and  Hudson 
Street  Hospitals  are  mimerous.  They  are  with  few  cxception3  pištol  sbot 
wound8,  fired  at  close  range  froni  pištola  loaded  with  relatively  small  cliai^ 
of  black  powder.  The  most  conimoii  calibers  are  .22,  .32,  .38,  and  in  a  few 
caaes  of  woimded  Chinamen,  caliber  .45.  Tlie  bulleta  are  uaiiallj  of  aoft  leai 
Such  bulleta,  more  especiatlj'  of  the  smaller  calibera,  freqHeiitly  lodge.  Thev 
are  eaaJlj  turried  by  bone,  hy  tendona,  even  by  fascial  edges,  and  thiia  la 
irregular  track  niade  bv  the  bullet  U  comraon,  aa,  for  example,  contour  ahols 
following  the  outcr  aurfaces  of  the  riba  sometiinea  lialf-way  aroimd  tbe  bodj. 
An  expIosive  actiou  is  acarcelv  observeti,  except  in  the  čase  of  revolver  abotaof 
45  caliber.  These  bulleta  are  driven  H8ually  by  the  equivaleut  of  about  40 
grains  or  more  of  black  powder,  and  the  wounda  reaemble  ratlier  rifle  buliet 
woiinda  of  the  ohi-fashioned  type.  With  the  amall  calibera  the  shafta  of  tho 
long  bouea  are  rather  rarely  broken,  and  if  fracturcs  are  prodneed  oommiou- 
tion  ia  not  very  extenaive.  Even  on  structurea  so  soft  as  the  brajii  the  dis- 
integrating  effect  of  the  bullet  is  often  limited  to  a  narrow  tract  in  the  cere- 
brum.  Bulleta  of  .22  caliber  sometimes  fail  to  penotrate,  and  are  flalteped 
agatnat  the  thicker  portiona  of  the  akull. 

On  the  aolid  organa  of  the  abdomen,  the  liver,  spleen,  and  kidney,  an  «■ 
plosive  effect  ia  abaent  or  oniv  alightlv  marked.  These  organa  are  uausllv 
drilled,  sometimea  with  radiating  fisanres,  but  thev  are  not  burst  and  liisin- 
tegrated  in  the  manner  observed  after  woiinds  made  by  modern  militarj-  rifle 
bulleta.  The  urinary  bladder,  if  wounded,  uaually  8howB  a  ragged  perforation, 
not  much  larger  than  the  caliber  of  the  bullet. 

\VoundB  of  the  lung,  ujileaa  the  targe  veaaela  near  tbe  root  are  injured,  are 
uaually  recovered  from  quickly.  In  a  few  caaea  empyema  follow8;  in  othersi 
pneiimothorax  may  peraiat  for  montha. 

In  wound3  of  the  alimentarv  canal  the  perforationa,  unleas  tangentiat,  cr- 
respond  pretty  cloaelv  to  the  size  of  the  miaaile.  The  perforationa  mav  bc  sii^ 
rounded  by  a  rather  narrow  rim  of  devitalized  tissiie.  Escape  of  intestinal 
or  stomach  contents  is  the  rule,  foIlowed  by  acute  purulent  peritonitia,  or,  if ' 
part  of  the  colon  ia  wounded,  uncovered  by  peritoneiim,  a  fecal  abscess  » 
formed. 

Wound8  of  the  main  blood  vDaaela  of  the  abdomen  are,  aa  a  rule,  rapi'!'^ 
fatal  from  hemnrrhage.  The  main  blood  vessela  of  the  estremitiea  are  on!.' 
rarely  injured,  thoiigh  an  occaaional  trauraatic  aneuryam  or  arterial  hematoffls 
is  obaerved. 

Arteriovenoua  aneurysm  ia  obaerved  as  a  rarity  in  the  extremitie9,  ^" 
haa  follovved  in  one  or  more  casea  bullet  wounda  of  the  baae  of  the  skiill,  *'"' 
pnisatinp  exophthalmoa.  In  a  number  of  inatanees  small  biillets  bs^ 
remained  indefinitely  quieacent  in  the  brain  imtil  the  patients  were  I'"' 
Bight  of. 
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Wound8  of  the  nerve  trunks  of  the  extreinities  may  be  complete  or  partial 
divisions  and  may  be  followed  by  neuritis. 

Shock  is  most  marked  after  complicated  abdominal  wound8,  and  in  these 
cases  the  sjmptoms  of  both  shock  and  hemorrhage  are  often  combined.  In 
uncomplicated  wounds  and  wound8  of  the  extremitie8  shock  is  usually  absent 
or  not  marked. 

During  the  past  few  year8  many  of  the  homicides  and  suicides  in  this  citv 
were  done  with  automatic  pistols.  The  bullets  are  usually  steel-jacketed,  and 
the  wounds  produced  are  often  more  serious  than  those  raade  by  the  old-fash- 
ioned  revolver.  The  bullets  are  U8ually  not  large,  but  they  have  an  unusual 
velocity,  much  greater  than  is  the  čase  with  ordinarv  revolvers.  The  wounds, 
indeed,  resemble  those  made  by  the  small  caliber  rifle  at  greater  ranges. 

Some  years  ago  I  conducted  a  few  experiment8  with  automatic  pistols, 
more  to  determine  the  effects  of  smokeless  powder  upon  the  skin  than  for  any 
other  reason,  but  incidentally  I  observed  the  effects  of  these  bullets  when  fired 
at  close  range  into  the  head  and  into  the  extremities.  I  quote  from  an  article 
which  I  wrote  at  that  tirne: 

Wound8  produced  by  Automatic  Pistols:  The  Mauser  pištol,  caliber  7.63  milli- 
meters;  the  Luger  pištol,  caliber  7.65  millimeters ;  the  Colt  automatic  pistols,  caliber 
.32  and  .38.  In  1897  Bruns  conducted  experiment8  with  the  Mauser  pištol,  and  con- 
cluded  that  the  effects  of  its  bullet  were  identical  with  that  of  the  military  rifle  at 
proportionatelj  longer  ranges.  The  following  relations  were  found  to  exist:  At  20 
to  200  meters  the  effect  of  the  Mauser  pištol  wa8  the  same  as  the  effect  of  the  military 
rifle  at  1,000  to  2,000  meters  respectivelj.  In  this  connection,  I  insert  the  results  of 
certain  experiment8  made  by  me  with  automatic  pistols  in  order  to  determine  the 
effects  of  smokeless  powder  at  short  ranges  upon  the  skin,  and  incidentally  to  obsenre 
the  effects  of  the  bullets  upon  the  tissues,  in  comparison  with  the  old-fashioned  black- 
powder  revolver  firing  a  soft-lead  bullet  and  a  small  charge  of  black  powder. 

A  description  of  some  of  the  shots  in  detail  follows : 

Shot  I.    Colt's  automatic  pištol,  caliber  .32;  4  grains  of  Walsrode  powder;  bullet 
weight,  8eventy-8ix  grains,  fuU  cupronickel  jacket;  distance  of  muzzle  of  pištol  from 
the  skin,  two  inches.     The  shot  wa8  fired  at  the  side  of  the  head  in  front  of  the  ear, 
skin  covered  with  short  hair.     The  hair  was  not  singed.     The  skin  was  not  bumed. 
A  few  grains  of  a  dark  gray  residue  were  found  upon  the  hair,  and  upon  the  skin 
over  an  area  one  inch  in  diameter,  surrounding  the  bullet  wound.    These  grains  were 
readily  wiped  off  with  a  dry  cloth,  leaving  no  visible  mark  behind.     The  wound  of 
entrance  was  a  small  eircular  orifice  one-8ixteenth  of  an  inch  in  diameter.    There  wa8 
no  fraying  or  discoloration  of  the  edges.    The  wound  at  the  point  of  entranoe  in  the 
skull  was  found  to  be  a  round  hole  through  the  bone  about  the  d^fi™fitftr  of  ilMi  lii^1«<^ 
The  wound  of  exit  from  the  scalp  upon  the  opposite  side  of  t^ 
was  a  mere  slit  in  the  skin  one-fourth  of  an  inch  in  lov 
the  skull  was  a  round  hole  about  the  diameter  of  the 
observed.    The  buUot  struck,  but  failed  to  penetrate 
and  was  picked  up  slightly  flattened  at  the  poir' 

Shot  II.     Colt^s  automatic  pištol,  calibe** 
complete  in  front  (what  is  known  as  a.sod 


rode  powder;  weiBht  of  bullet,  130  graiiiB.  The  shot  wa8  fired  into  the  temporaJ 
r^on  at  a  diatance  of  two  inches.  Wound  o£  enlrance  waB  a  round  orifice  in  the  ekin 
one-eighlh  of  an  inch  in  diameter.  Edges  of  orifice  were  sligbtlj  frajed.  Tbere  were 
a  few  faint  grajish  atains  upon  the  ekin  aurroundmg  the  wnund.  These  apccia 
appeared  to  be  cmliedded  in  the  akiii  and  could  not  be  renioved  with  a  wet  cloil:. 
The  bole  of  entrance  through  tbe  skull  waB  round  and  about  the  diameter  of  tk 
bullet.  The  wound  of  exit  in  the  skin  upon  tbe  oppoaite  side  of  the  head  wss  an 
irregular  tear  about  one  ineh  in  lengtb,  with  radiating  slits  along  ita  horder,  Brain 
substance  eseaped  freely  from  this  orifice,  as  wen  aa  from  tbe  estemal  auditoi?  mnul 
on  tbe  same  aide  of  tbe  head.  Palpation  of  the  skull  showed  a  comrninnted  frai^turc 
Gurrounding  tbe  wauud  of  exit.  The  eomminution  of  the  skull  extcnded  over  au  »rea 
tbree  inebea  in  diameter  in  tbe  temporal  aud  parietal  regioua.  There  wh9  alsi 
evidently  preseut  a  fracture  of  tbe  base  of  the  akull.  After  leaving  the  head  ik 
bullet  boried  itself  in  a  banrel  of  aand.  The  eiplosive  effect  of  thia  shot  was  ffell 
marked. 

Shot  III.  For  purpoBCB  of  comparison,  a  ahot  was  fired  from  a  Hopkins  and  Men 
revolver,  caliber  ,32,  ten  grains  hlačk  powder,  Smitb  and  Wesaon  animunition,  toll- 
lead  bullet.  The  shot  was  fired  into  tbe  temporal  region  witb  tbe  muzzle  of  the  piab:! 
tbroe  inebes  from  tbe  acalp.  Tbe  hair  was  singed.  Tbe  scalp  wa8  burucd  and  Ut- 
tooed  with  powder  grains,  so  that  the  skin  waa  blackened  over  an  area  one  and  one- 
half  incbes  in  diameter.  Tbe  wound  of  eutrauee  in  the  akin  was  oue-eightb  of  bii 
inch  in  diameter,  the  edges  were  aligbtly  contused  and  stained  with  lead.  The  h)h 
in  the  akull  was  about  the  diameter  of  the  bullet.     Tbe  bullet  lodged. 

Shot  IV.  Luger  automatic  pištol;  ateel-jacketed  bullet;  jneket  incomplete  over 
a  Bnial!  eircular  area  at  tbe  point  of  bullet  where  tbe  lead  interior  is  expofied;  dis- 
tance,  tbree  inebea.  Shot  waa  fired  into  the  cbeek  over  malar  bone  haekward,  dowii- 
ward  and  inward.  No  powdor  marks  were  upon  tbe  skin.  Orifice  of  entrano)  w»s 
tbree-Bixteenth8  of  an  inch  in  diameter,  and  eircular.  Edges  were  slightly  contusri 
and  wliile  in  colur.  No  tearing  of  tiaaues  nor  esplosive  effect  waB  ohaerved.  Buli« 
was  estracted  later  undeformed. 

Sbot  V.  Mauser  automatic  pištol;  caliber  7.63  mm.;  steel-jacketed  bullet;  dii- 
tanec  of  muzzle  of  pištol  from  skin  tbree  and  one-half  incbes.  Shot  waB  fired  atouf 
aspect  of  upper  tbird  of  rigbt  thigb.  Powder  stain  wa8  one  inch  in  diameter,  ■  fffW' 
ish  smudge  witbout  deposition  of  distinct  graing.  Wound  of  entrance  wa8  drcul«r- 
Edges  wore  slightly  frayed  and  contused,  wbite  in  color.  Wound  of  exit  on  inucr 
surface  of  limb  was  oval,  three-aisteeJitbs  of  an  inch  in  diameter,  sligbt.ly  iimf'- 
There  was  n  wound  of  entrance  on  inuer  aapect  of  left  tbigb ;  wound  of  wi'  "" 
opposite  side  tbe  same.  The  bullet  then  paaaed  througb  the  distal  pbalani  of  lef' 
thuiub  and  entered  a  barrel  of  sand,  penetrating  a  distance  of  one  foot.  AltUougli  'i" 
bullet  pnsaed  through  the  center  of  both  limbs,  neither  femur  was  fractured.  nor  •" 
tbe  bullet  deformed. 

Shot  VI.  Mnuaer  piatol;  fired  into  upper  tbird  of  rigbt  thigh  at  a  distanee  of  ""« 
foot;  full-iacketed  bullet  A  few  dark-colored  spccks  or  grains  were  present  on  ^* 
skin  around  the  wound  over  an  area  three  incbes  in  diameter.  These  vere  mi"! 
wiped  off  with  a  dry  clotb.  The  bullet  cauaed  a  fracture  of  the  rigbt  femur,  »»^ 
paased  acroas  the  body  above  tbe  perincum,  passed  tbrougb  the  pelvic  bone  and  "** 
found  juBt  beneatb  tbe  skin  ahove  the  left  great  trochanter.  The  bullet  waB  »lig'''''' 
defonned. 

Shot  VIL  Hopkins  and  Allen  revolver,  black  powder,  .32  caliber,  Smith  »^ 
t  ammunition.     Shot  waa  fired  at  outer  aapect  of  right  tbigh;  distan«,  ""* 


foot.    Skin  waB  tattooed  witb  powder  marks  too 

and  one-balf  incbes  in  diameter.    Wound  of  entrance  wa8  cir 

an  inch  in  diameter;  edgea  stained  with  lead.     Bullet  lodged, 


,  tbree-aiiteenlli'  °' 
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As  a  raatter  of  esperience,  however,  most  of  the  pistol-shot  wound8  we  see 
in  tlie  hospitals  are  produeed  by  old-fasbioned  revolvere  witli  8oft-Iead  bullets. 
The  patieiita  are  generali^  received  soon  after  the  receipt  of  the  injury.  They 
walk  into  tlie  hospital,  or  the  more  severelj  injured  are  brought  in  by  the 
ambulance.  Cases  reqiiiring  surgical  interference  are  operated  upon  at  once. 
Tbey  are  surrounded  by  every  čare  that  a  modem  hoapital  affords,  and  the 
resulta  are  as  a  rule  excelleiit,  even  though  many  of  these  patients  are  acutely 
alcoholic,  and  not  in  the  best  of  phjaical  condition,  belon^ng,  aa  the  majority 
of  them  do,  to  the  city'B  undemvorld. 

Pistol-sbot  wound8  of  the  eztremities  and  trunk,  when  uncomplicated,  heal 
as  a  rule  promptlv  withoiit  auppuration,  whether  the  bullet  lodgea  or  not.  It  ia 
rare  to  find  portions  of  clothing  or  other  materia)  as  a  caiiae  of  auppuration. 
A  large  nuraber  of  anch  woiind8  are  treated  yearly  in  the  Iludaon  Street  Hoa- 
pital, and  when  the  injnries  are  not  necessari1y  fatal  the  results  are  almost 
uniformly  good. 

Wound3  from  ehot-guna  are  rarely  aeen.  If  fired  at  close  range  these 
injuries  are  often  9everely  contused  and  lacerated,  compound,  comminuted 
fractures,  or,  if  of  the  head  or  trunk,  inunediately  fatal  injuries.  If  the 
range  be  50  feet  or  more  the  gravity  of  the  injury  will  depend  to  a  great  extent 
upon  the  aize  of  the  individual  shot  pellets,  and  may  be  sHght  or  aerioua.  But 
in  ali  tlieae  cases  the  patiente  raay,  and  usua]ly  do,  receive  immcdiate  and 
skilful  treatment  under  favorable  surroundings,  aseptic  trcatnient  of  their 
wounda,  complete  rest,  good  food,  in  short,  they  are  well  cared  for  from  the 
start. 

WOUNI}8  KECEIVED   IN  WAKFABE 

In  warfare  conditiona  are  ^uit«  different.  The  weapona,  though  uaual)y 
fired  at  great  rangea,  are  of  a  far  more  deadly  character,  both  on  land  and  sea. 
We  shall  conaider  the  con<]itiona  of  land  warfare  first.  In  land  warfare  gun- 
sliot  wound8  are  eauaed  by  military  rifle  bullets,  by  shclls  and  ahell  fragmente, 
by  shrapncl  and  canister,  and  in  the  most  recont  wars  by  fragmenta  of  bursting 
hand  grenadea,  or  from  similar  grenades  fired  by  meana  of  a  amall,  blank 
cartridge  from  the  muzzle  of  the  niilitary  rifle.  These  grenadea  are  now  uaed 
both  in  day  and  night  attacka  in  the  final  rush  from  the  trenchea.  Their  use  bas 
been  attended  by  a  terrible  mortality,  far  greater  than  is  posaible  by  rifle  fire 
at  close  quarter8,  wliere  the  rifle  is  at  beet  rather  an  unbandy  weapon.  The 
fragmenta  from  these  grenadea  prodace  wounds  resembling  those  made  by 
ahrapnel  anJ  sheli,  naiiiptv,  eomplicatfd  (.•xtt'iisivcly  liiccriilcd  woiinds  nsuall7 
infeoted  and  far  moro  diffinilt  to  trcat  micceHHfiillv  than  the  cleau  perforations 
commoniv  made  by  the  small  caliber  rifle  bullet. 

The  niodcrn  militarv  rifl«  Morificos  Mmtn  of  tbo  deatmctive  (•baracteristJca 
of  the  old-fashioned,  bciivv  lesdon  bulkt*  f*^'  the  sake  of  trreatpr  range  i 
flatnees  of  trajr(!tory,  but  o(h.wmM^I^///ŠB  tbo  leas  or  evcn  moro  deadljt 
retained  or  acquirQd^^D||H|^^^^^H^     ''■'*^<'f  abnut  .^0  nf  nn  niAir^ 
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ordinarj  ranges  it  passes  entirelj  through  the  body,  no  matter  in  what  position. 
The  character  of  the  wound  varies  greatlj  under  different  conditions,  and  we 
shall  now  consider  some  of  the  peculiarities  of  modem  bullet  wound8, 

Recentlj  the  United  States,  England,  France,  and  Germany  have  adopted 
a  new  bullet  (model  1906),  which  differs  from  the  one  which  preceded  it  in 
several  important  particulars.  Its  use  in  actual  warfare  has  now  been  sufficient 
for  us  to  draw  some  general  conclusions  from  actual  experience,  and  eiperi- 
ments  seem  to  show  that  the  wounds  produced  are  different  in  some  respects 
from  other  bullet  wounds.  This  bullet  has  a  sharp  point  instead  of  the  ogival 
shape  of  the  old  bullet.  The  particulars  are  as  follows :  The  new  bullet  is  of 
the  same  caliber  as  the  model  immediatelj  preceding  it,  but  is  shorter,  li^ter, 
has  a  higher  velocity,  and  a  much  sharper  point.  Its  length  is  but  1.08  inches 
as  against  1.25  inches  for  the  model  of  1903 ;  its  weight  150  grains,  as  against 
220  grains  of  its  predecessor.  Its  muzzle  velocitj  is  2,700  feet  per  second,  an 
increase  of  400  feet.  Its  structure  is  as  before,  a  core  of  lead  and  tin  compori- 
tion  inclosed  in  a  jacket  of  cupronickel.  The  charge  is  of  pvrocellulose 
composition,  very  similar  to  the  powder  used  for  propelling  charges  in  field 
and  sea  coast  guns.  The  grains  are  cjlindrical,  perforated,  and  graphitei 
The  normal  charge  weighs  from  47  to  60  grains,  varying  with  the  lot  of  pow- 
der  used.  By  the  use  of  this  cartridge  (powder  and  bullet)  the  trajeetorj  has 
been  flattened,  and  the  point  blank  danger  space  has  been  raised  to  718.6  jards. 
At  1,000  yards  the  bullet  will  penetrate  12.8  inches  of  pine,  and  at  lOOjards 
will  penetrate  a  steel  plate  0.3843  inch  thick.  Some  experiments  with  simi- 
lar bullets,  quoted  in  Johnson's  "Surgical  Diagnosis,"  were  made  and  recorded 
by  Riedinger,  and  are  here  reproduced : 

ADomoNAL  Hemarks  in  Regard  to  Gunshot  Wounds  Produced  by  MarrART  Kini 

Bullets  of  the  Most  Regent  Type 


At  the  present  tirne,  Gennany,  England,  and  France  have  adopted  a  inilitary 
which  fires  a  bullet  of  a  caliber  of  88  mm.  The  bullet  differs  from  those  U8ed  by 
other  nations  in  certain  particulars.  Instead  of  a  rounded  or  ogival  point,  the  buli« 
is  8harply  pointed.  It  is  probable  that  other  nations  will  soon  adopt  this  form  oi 
bullet.  The  pointed  bullet  offers  less  resistance  to  the  air  than  other  forms,  and  oon- 
sequently  a  flatter  trajectory  is  possible.  The  center  of  gravity  of  the  bullet  lies  nearer 
its  base  than  in  the  ogival-tipped  bullets,  and  this  produced,  so  it  is  said,  a  tendency  ^^^ 
the  bullet  to  tip  over  after  it  has  reached  a  certain  point  in  its  ffight.  In  order  w 
overcome  this  tendencj  at  ordinary  ranges,  the  initial  velocity  given  to  the  bullet » 
very  high  indeed.  The  German  bullet  is  27.8  mm.  long  and  weighs  10.0  gms.  A  r^ 
view  of  the  experiments  of  others  and  the  results  of  certain  experiments  made  by  b|®* 
self  has  been  published  by  Dr.  Riedinger,  and  from  his  monograph  the  folloWii« 
data  are  derived: 

The  powder  load  is  3.2  gms.  On  account  of  the  relatively  small  weiglit  of  J*^ 
cartridges,  soldiers  are  able  to  carry  a  larger  number  without  notable  effort.  |"^ 
rifle  is  most  officient  up  to  ranges  of  from  800  to  1,000  meters.  The  initial  velocitT 
of  the  bullot  is  855  meters  per  second.  The  extreme  range  is  4,500  meters.  At  « 
range  of  800  meters  the  bullet  will  perforate  in  a  sagittal  direction  any  portion  o 
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the  human  bod;.  At  the  same  range,  if  the  bois  >s  struck  lengthwiee,  wouadB  are 
obBeired  from  400  to  600  mm.  in  length.  If  at  thts  range  the  bullet  etrikes  fl&twi8e, 
a  wound  of  130  mm.  deep  may  be  produced.  At  verj  great  ranjie  tho  weapoii  is  leea 
effioient  than  the  military  rifles  at  present  in  use  by  othcr  nationa,  and  at  similar 
ranges  the  bullet  showB  h  decided  tendencj  to  tip  over.  It  is  therefore  probable  that 
woiinds  madc  by  the  bullet  etriking  flatwiBe  will  be  more  commoii.  Further,  there  ia 
Bome  tfndoncj'  for  the  bullet  to  be  deflected  wheii  it  strikes  hard  bone. 

In  general,  the  deatruction  of  bones  and  aoft  parta  and  tbe  vounds  produced 
elo9c1y  resemble  those  made  by  tbe  ordinarj  ogival-pointed  bullet.  In  the  ahafta  of 
the  loiig  boncs  the  bullet  produced  eomminuted  fracturee,  the  area  of  comminntion 
and  the  llnes  of  the  fracture  auggesting  in  shape  the  outlinea  of  an  ordinar;  envelope, 
or  in  other  eases  the  outepread  vinga  of  a  butterfly.  At  cloae  rangea  a  large  number 
of  minute  bone  fragmenta  of  a  generally  quadrilateral  shape  are  produced.  At  in- 
oreased  ranges  the  comminution  is  leas  marked,  the  number  of  fragmenta  is  amaller, 
and  the  size  of  the  individual  fragmenls  greater.  In  tbese  partieulars  the  wounda  do 
not  dilTer  markedij  from  thoae  ordinariIy  obserred.  Comminution  of  the  ahafta  of 
long  bones,  tibia  and  femur  ia  observed  up  to  a  range  of  2,000  meters.  If  the  shaft 
of  the  long  bone  is  stniek  near  its  border  without  opening  the  meduUary  canal,  a 
groove  mny  be  eut  in  the  bone  without  notable  comminution  and  without  any  marked 
radiating  lines  of  fracture.     (Fesaler.) 

Upon  the  spoiigy  ends  of  the  long  honea  simple  perforationa  are  often  produced, 
reaembling  those  made  by  tbe  ogival-shaped  bullet.  In  other  eases  perforatiou  oecurs 
with  more  or  less  marked  radiating  linee  of  fracture.  The  more  nearly  the  wound 
approacbes  tbe  bollow  diaphyBiB  of  the  bone,  the  more  marked  are  the  splintering  and 
comminution. 

The  wound  of  entrance  tn  the  akin  from  direct  shots  ia  Tery  Bmall,  smaller  uaually 
than  the  diameter  of  the  bullet.  The  edges  of  the  wound  nsuallj  show  fine,  radiating 
tears.  The  wound  of  entrance  is  slightly  stained  of  a  grByiBh  color,  due  to  powder 
residue  which  clings  to  the  bullet.  It  is  thus  posaible  to  differentiate  the  wound  of 
entrance  from  the  wound  of  exit.  If  the  bullet  atrikea  the  skin  obliqucly  or  flatvise, 
the  wound  of  entrance  will,  of  course,  be  larger  and  of  a  different  shape.  The  wound 
of  ejiit  ia  alao,  as  a  rulc,  quite  araall,  irrespective  of  the  amount  of  deatruction  of  the 
bone  or  subcTitaneous  soft  parts,  When  bones  are  fractored,  minute  particles  of  bone 
are  seattercd  through  the  tisaues  and  may  sometimea  be  acen  in  the  wound  of  eitit.  If 
the  bulleta  Etrike  flatwise,  the  wound  of  exit  ia  usuaUy  much  larger,  and  through  it 
torn  tendona  and  muscular  bellies  may  protrude. 

Riedinger  Bays  in  rcgard  to  the  moat  modem  French  military  rifle  that  the  bali 
is  eolid ;  it  eonsists  of  eopper,  to  wbich  a  small  amount  of  zine  is  added.  It  ia  pointed 
at  the  end,  resembling  in  ahape  a  torpedo  or  cigar.  It  is  longer  than  the  German 
bidlet,  •19.9  mm.  as  compared  vith  27.8  nun.  The  caliber  is  8.0  mm.  The  bullet 
weigha  13.2  gma..  and  ia  therefore  heavier  than  the  German  bullet.  The  initial  Telocity, 
howeTer,  ia  lower.  730  as  compared  with  830  meters.  The  trajectorj  is  not  as  Aat  as 
the  German  riflo.  but  the  weapon  ia  effective  at  greater  ranges. 

Riedinger  conaiders  thnt  Ihr  in.ist   jii]]".ri;ii]t  (iitTir.iii'i>H  in  ibc  M-nund«  produced 
by  theee  pointed  bulleta  will  (li]n  u.l  ii|"'ii  ilir  1i'ih]iiii'>  fi.r  tlic  bullet  to  bc  u|>act  in  its    ■ 
flight  and   lO  strike  flatwiaf,      SutKrjenl  i>lwiTV!ili<jnH   hiivi'   ri"t   n»   \('t   hren   mndn   tO 
determine  how  often  sueh  ivniiTnis  will  occiir.     (KKjicrii-uiv  in  riirnl  tviirs,  ii<itubly  in 
the  Rnikans,  indicatea  that  iluse  bulleta  an.-  more  destruetive  than  WU8  suppuatvd.    Tho.y  { 
are  bo  easilj  upset  that  mutiliitiuR  wounda  are  frenucnt.  and  there  uri*  imiiiy  l>ody   I 
wDunds  which  do  not  come  iintlcr  treatnient,    The  »■im 
If  the  bullet  strikes  point  f^nimost.  wounde  of  tli-    - 
eimpler  even  than  those  pn^duced  by  the  (igivnl  bulici. 
vounda  of  the  apong;  bones.    If,  on  the  otbar  1 
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carit7  will  be  produoed  in  the  track  of  the  wound.  The  wound8  of  the  sliafta  o£  ti 
loag  bones  do  not  differ  materiali?  from  those  inade  b?  other  amall-caliber  bullcU. 
When  the  bulleta  »trike  tlfltwi8e,  tbe  deatruction  of  both  bone  und  aoft  parts  nil!  be 
greater.  The  vouiida  of  cntrance  and  eait  will  be  larger  and  aseptic  heoling;  nill  be 
more  difficult  to  obtain,  Riedingor  aays  that,  if  ihe  bullet  Btrike«  some  verj  maiam 
obstruction  when  moving  at  high  yelocity,  any  masaive  hard  portion  of  bone,  for 
esampie,  the  mantle  mny  be  tom  and  the  leaden  core  of  the  bullet  may  aplit  up  mto 
fragmenta,  produeing  very  severe  vpounds. 

The  pointed  bullet  is  even  more  apt  to  make  a  clean  perforation  in  blood  vosek 
than  the  ogival  form.  Wound8  of  nerve  trunks  will  probably  reserable  tho8e  alreadj 
observed.  Fessler  fired  twelve  esperimental  shota  through  the  aMomen.  In  ali  bul 
one  the  inteatine  wa8  woiinded.  The  effeeta  upoti  the  akull  were  aaid  to  be  eveu  more 
deetructive  than  uaual.  WoiindB  of  the  thorax,  vrhen  the  bullet  preservea  ite  prupa 
line  of  fligbt,  will  not  differ  from  those  produced  by  the  ogiviil  bullet.  If,  hosreref, 
the  bullet  is  upaet  aiid  strikea  flatmise,  more  serious  injuriea  are  to  be  espected.  Thns 
a  certaiii  proportion  of  the  isounds  will  be  more  serious  than  ordinary,  and  tbere  wil) 
esist  anotber  grciup  in  which  the  injuries  wiU  be  relativelj  alight. 

With  the  esception  of  the  greater  tendeiiey  of  these  bulleta  to  upset  in  their  fli^t, 
or  to  upset  tvhen  they  strike  home,  it  does  not  aeem  to  me  that  the  wounds  producd 
are  likely  to  differ  materially  from  those  OTdinarily  obeerved. 

In  r^ard  to  the  cavalr?  arm  of  the  U.  S.  Navy  and  Military  Service,  TeMnt  M- 
perience  and  esperimenta  aeem  to  ahow  that  revolvers  of  .38  caliber  are  not  aufficienllj 
powerfu1  and  do  not  produce  auffieient  shock  to  stop  a  eharging  horae,  uuleas  the  Bbcl 
be  a  pftrtieu]arly  fortunate  one.  Ejtperiments  were  conductod  upon  eteere  for  ihe 
purpose  of  testing  the  Btopping  power  of  various  pistols.  It  was  found  that  a  iienT 
revolver  of  .45  caliber,  when  fired  throuRh  the  body  of  an  os,  would  nearlj  sIotj! 
cause  it  to  drop  instant1y,  ao  that  it  waa  unable  to  regain  its  feet.  Hevolven  will 
lighter  bulleta  and  of  smaller  calibers  fail  to  do  this.  The  automatic  piatols,  tbeI^ 
fore,  of  the  United  Statea  Cavalry  have  been  increaaed  in  aiKe  and  caliber  to  .45,  ui^ 
at  preaent  this  ia  the  standard  pištol  both  for  the  Army  and  Navj.  The  buUet  ta 
jacketed. 


It  ia  necesBarj  for  U9  to  reviae  onr  conclusions  in  regard  to  tbe  humane 
character  of  the  wound8  caused  by  the  pointed  bullet.  They  are  niucli  more 
destructive  than  vvas  Bupposed,  chieflj  owing  to  the  ease  with  which  thej  ar* 
upaet.    Thtis.  La  Garde,  "Giiiishot  Iiijuries,"  1914,  page  60,  savs: 

The  cffects  of  the  pointed  bullet  in  the  Turko-Balkan  VVnr  of  1913-1913  have  8W 
tained  tho  estiniatea  of  the  eaperimentera  as  to  its  degree  of  deadlinesa.  The  hnif 
vounds  in  the  two  belligerent  armies  aeldom  lived  to  receive  hospital  čare.  Tbe  iilli 
ratio  of  ivounds  by  shrapnel,  which  iti  ihemselves  cause  an  eKcessive  mortalitj  »moiig 
body  wound3,  have  come  in  to  mask  the  deadliness  of  the  pointed  bulleta,  but  tbe  re- 
porta  of  ali  the  obaen-era  are  unanimous  on  the  field  mortality. 

Major  P,  C.  Faantleroy,  M.  C.  XJ.  S.  A.,  our  attacho  with  the  armies  in  the  nelii 
from  January  1  to  March  15,  reporta  approsimate  total  casualties  in  the  Bulg"'"" 
Army  na  followa: 
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About  20  per  cent.  of  aH  woun()fl  wero  from  ahrapnel.     If  we  udd  the  iiumber  of 

ofBcers  aiid  men  kUied  and  wouiided,  we  find  the  ratio  of  killed  to  »ounded  to  be 

I  1  to  2.5.     The  very  few  abdominal  wounds  that  lived  to  reach  the  hospital  čare  were 

pTone  to  develop  septic  peritouitis  with  abscess.     Peuetrating  chest  wouDdH  by  the 

I  Bpitz-ball,  as  the  pointed  bullet  is  called  over  there,  were  proiie  to  the  development  of 

I,- oomplications  like  pneumohemothoras,  pfothorax,  etc. 

|i         Of  the  wounded  hj  the  Spitz  bullet  that  reached  hospital  čare,  the  majoritf  were 
I  not  serious,  and  recovery  oceurred  in  from  four  to  sii  week8. 

Much  to  the  surpriae  of  the  obaervers,  the  pointed  bullet  often  lodged;  thia  was 
Bttributed  erroneou8]y  to  defective  ammunition. 

It  reguirea  iio  prophet  to  predict  thut  the  war  woundB  of  the  future  wil]  be  much 
more  grave.  Body  ivoimda  will  be  more  uniforraly  fatal;  injury  to  tbe  bonea  will  be 
moro  estensive  snd  prone  to  auppuration. 

The  humane  character  of  the  reduced  caliber  bullet  woundB  ao  happily  noted  in 
reeent  wars  will  be  lesa  frequent.  Thia  will  be  especiallj  true  of  wounds  of  the  lungB 
and  epipIiyBeal  eoda  of  the  bonea. 


GENERAL  TREATMENT  OF   GUNSHOT  WOnNI>S 


Esperience  sliow3  that   in   a  large  proportinn   of  iiiicoiiipHeateil  piinahot 

Wounde   eonaervative   treatment   gives    excellent   reaults.      Thia   treatment   is 

absolutelj  simple,  and  niay  bo  oiitlined  in  a  few  words.     The  ejtternal  wonnd9 

Imd  the  aurrounding  skin  are  painted  with  tinutnre  of  iodin,  witliout  previoua 

jVrasliiiig  in  water.     If  the  akin  be  grimy  and  oily,  the  anrface  inay  be  eleaned 

ith  tiirpeutine,  with  eqiial  parts  of  alcohol  and  ethor,  with  alcohol,  or  with 

mzin  or  gasoline.     After  wiping  drv  with  a  pad  of  sterile  gauze,  the  iodin 

aj"  bc  painted  on  with  another  siinilar  pad,  or  a  phig  or  pad  of  gauze  sat- 

rated  with  iodin  solution  niay  bo  left  in  or  iipon  the  wound.     An  occhiaive 

eriie  dresaing  followa,   preferably   covered  bv  an   immobilizing  spHnt.     In 

tddition,  rest,  food,  and  attention  to  the  bovvela  are  naua]l_y  ali  the  treatment 

lat  13  aeeded.     The  Medieal  Department  of  the  Anny  now  furnishea  iodin  to 

ps  in  the  iield.     It  ia  iaaiiod  in  aealed  glaas  tnbea,  each  tnbe  eontaining 

gram  of  iodin  and  one  and  one-half  grama  of  potaaainm  iodid.     The  con- 

ts  of  a  tube  diaaolved  in  50  cubie  centimeters  of  alcohol,  or,  in  default  of  it, 

water,  makes  a  aoliition  of  aiiitable  strength  for  ordinary  iise. 

So  long  as  a  bullet  woiind  ia  not  infected,  does  not  penetrate  an  important 

\y  cavitv,  and  ia  not  attended  bv  the  signs  and  B>Tnptoms  of  injiiry  to  a 

irg^e  blood  veaael  or  a  nerve  tnmk,  its  lodgment  ia  rarely  of  much  importanee. 

bing  of  bullet  woundB  is  iiniiece8sary  and  aiiwise.     The  bullet  can  be  lo- 

,ted  quite  acciiratelv  by  two  X-ray  picturea,  preferably  atereosenpie  or  with 

_Jweet'a  looalizer  or  aome  aimilar  device.     Such  a  bnlict  oan  iiauany  be  re- 

Rnoved  by  a  auitably  placed  aseptic  cnt  if  deaired,  witb  biit  little  or  no  riak. 

any  patienta  are  ansions  to  bo  rid  of  aiieh  lodged  bnllets,  and  in  general 

wiBhes  may  be  granted.     Such  removal  ean  often  be  done  tinder  local 

lestheaia   (novocain  and  adrenalin).     It  wiU  iisuallv  bo  wiae  to  cnt  down 

Ljion  the  bullet  directly,  irrcspoetive  of  ita  track  through  the  tisanea.     There 


656  GUNSHOT    WOUNDS    AND    THEIR    TREATMENT 

are  conditions  under  which  a  large  missile  should  be  removed  even  at  eon- 
siderable  risk,  for  exaraple,  when  a  missile  is  lodged  in  a  position  sueh  that  i1 
presses  upon  a  nerve  trunk,  eausing  pain  or  even  serious  neuritis,  or  whei 
it  lies  at  the  bottom  of  an  infected  track  or  free  in  a  joint.     These  conditioi 
will  be  mentioned  more  fully  under  the  wounds  of  various  structures  aiM 
characters. 

It  Las  been  observed  in  recent  Avars  that  rifle-bullet  wounds  involving  thi 
spongy  ends  of  long  bones  and  large  joints  may  heal  perfectlj  under  an 
elusive  dressing  with  little  or  no  impairment  of  function.  It  was  leamed  firs 
by  German  surgeons  in  the  war  between  France  and  Germany,  and  has  beeM^r^n 
emphasized  by  experienee  in  every  war  sinee  then,  that  under  the  conditions  o-«^czDf 
an  active  campaign  the  wounds  would  do  far  better  under  an  occlusive  anti 
septic  dressing  with  immobilization  of  the  wounded  part  until  they  can 
transported  to  a  well-equipped  hospital,  than  by  attempts  at  active  interferenc^iz^ce 
in  the  field,  except  in  cases  of  absolute  necessity,  as,  for  example,  the  arrest  od^^f 
active  bleeding.  In  recent  wars  this  has  been  notably  true  of  gunshot  woun( 
of  the  abdomen.  When  operations  ha  ve  been  done  in  these  cases  in  field  hos:< 
pitals  the  mortality  has  been  very  high,  higher  than  would  be  normal  afte^^er 
the  same  injuries  and  operations  done  in  a  well-equipped  hospital  in  tirne  i,  ■  of 
peace.  Among  the  cases  treated  conservatively  without  operation  the  mor  ^»^ 
tality  has  been  high,  yet  there  has  been  a  fair  proportion  of  recoveries,  thou| 
in  some  of  these  it  seemed  certain  that  the  alimentary  canal  wa8  perforal 
The  recoveries  were  due  apparently  to  the  fact  that  the  soldiers  went  in^  -to 
action  hungry  and  with  but  little  food,  either  in  the  stomach  or  in  the  intestiu^^e. 
In  consequence  no  leakage  occurred  and  no  infection. 

The  verv  high   mortalitv  following  laparotomy  for  gimshot  wound8  i n- 

volving  injury  to  the  abdominal  viscera  in  battle  depends  upon  three  factoi 
namely : 

(1)  Time. 

(2)  Unavoidable  absence  of  aseptic  surroundings. 

(3)  Improper  after-care  owing  to  the  necessitj  of  transporting  the  wounded  o 
to  great  distances,  entailing  want  of  rest  and  quiet  and  the  passing  of  the  wouni 
through  many  different  hands.     Moreover,  at  the  field  hospitals,  the  number  of 
wounded  niay  be  very  great.    The  number  of  attendants  and  surgeons  is  of  neoess 
small.    But  little  time  can  be  given  to  the  individual  čase. 

In  civil  practice  in  tirne  of  peace  it  is  a  matter  of  common  experience  ttr^at 
the  prognosis   of  operations   for   perforation   of  the  stomach   and   intestii^c^^' 
whether  due  to  injurv  or  disease,  depends  largely  upon  the  number  of  hot^^-^^ 
elapsed   since    the   perforation    took   plače.      Thus,    after   twelve   hours,  •c^d^ 
chances   of   recoverj    grew    smaller   rapidly   hour   by   hour.      Toxemia  a-^*" 
paralvsis  of  the  bowel,  having  reached  a  certain  grade,  render  the  patierr«^^^ 
condition  hopeless.     Under  the  conditions  met  on  the  battlefield  many  ho"*^ 
may  elapse  before  the  wounded  receive  even  first-aid  attention.    Transportati^^ 
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to  a  field  hospital  consumes  some  tirne,  and  stili  further  delay  may  occur 
before  the  woimded  can  be  operated  upon,  and  then  under  conditions  anjthing 
but  favorable. 

Following  such  operations  in  time  of  peace  the  patient  has  absolute  rest 
and  nnreniitting  skillful  čare  and  attention,  withoiit  which  he  will  alraost  cer- 
tainlv  die.  Unavoidable  absence  of  aseptic  surroundings  and  want  of  proper 
after-care,  however,  contribiite  to  render  abdominal  operations  upon  or  near 
the  battlefield  desperate  measures  only  justifiable  under  exceptional  condi- 
tions, or  in  cases  where  the  indications  are  absolutely  plain,  as  when  intestinal 
contents,  gas,  or  feces  escape  from  the  wound,  when  aetive  bleeding  ealls  for 
control,  or  when,  after  shell  wounds,  the  bowel  or  some  other  abdominal 
viscus,  spleen,  kidney,  or  omentum,  is  prolapsed. 

In  tirne  of  peace  in  well-equipped  hospitals  attended  by  surgeons  of  ex- 
pericnce  gunshot  wounds  of  the  abdomen  should  be,  and  commonly  are,  treated 
by  an  exploratory  abdominal  incision  at  once,  whenever  perforation  of  the 
abdominal  wall  is  probable,  whether  the  8ymptoms  of  shock  or  hemorrhage 
point  to  the  injury  of  important  structures  or  not.  The  exploration  adds 
little  or  nothing  to  the  peril  of  the  wounded  individual,  and  if  any  serious 
injury  has  oecurred  to  the  viscera  immediate  operation  gives  the  best  possible 
chance  of  recovery. 

The  position  of  the  incision  will  depend  to  some  extent  upon  the  position 
of  the  external  wound  and  the  probable  course  of  the  bullet.  Where  ho  signs 
or  svmptoms  are  present  to  serve  as  guides  to  the  probable  situation  of  the 
intra-abdominal  injury  a  median  cut  is  commonly  rogarded  as  best.  The 
abdomen  having  been  opened,  search  is  made  for  the  lesions  present  according 
to  the  rules  and  princi  ples  governing  modem  aseptic  surgical  technic  as 
applied  to  the  interior  of  the  belly,  fully  described  elsewhere  in  this  book.  It 
is  well,  in  my  experience,  if  much  free  blood  is  found,  to  search  for  the  bleed- 
ing poiuts  and  stop  the  hemorrhage  first,  before  searching  for  wounds  in  the 
bowel,  stomach,  or  other  viscera.  It  often  happens  that  the  necessary  manipu- 
lations  will  start  wounded  vessels  bleeding  afresh  and  violently,  and  if  such 
bleeding  be  disregarded  while  holes  in  the  intestine  or  stomach  are  sought  for 
and  sutured  the  surgeon  may  suddenlv  find  himself  finishing  his  operation 
hurricdly  and  perhaps  inefficiently  upon  an  exsanguinated  patient.  It  is  bet- 
ter  to  stop  the  bleeding  first,  whatever  its  source,  by  ligature  or  suture,  if 
possible — by  packing,  if  nece3sary — and  to  attend  to  the  removal  of  blood  and 
intestinal  contents  and  the  suture  of  perforations  later.  If,  however,  the 
operating-room  be  equipped  with  an  efficient  aspirating  device,  such  as  de- 
scribed in  Chapter  VII,  Volume  I,  a  good  assistant  mav,  with  advantage«  • 
without  much  interference  with  the  operator,  remove  much  of  the  V 
other  material,  while  search  is  made  for  the  source  of  hemorrhaiT" 
these  operations  well  requires  an  experienced  operator,  trained  a 
retraction,  etc. — ^in  fact,  a  well-equipped  and  well-conducted 

Though  haste  never  produces  efficient  work,  speed  may  be 
43 
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and  this  is  only  to  be  attained  in  work  of  this  kind  by  a  thoroughlj  trained 
staff  accustomed  to  working  daily  together. 

It  has  been  suggested  that  wounds  of  the  belly  should  be  treated  on  the 
battlefield  or  in  the  field  hospitals  by  complete  rest,  starvation,  and  large 
doses  of  morphin  or  opinm.    It  seems  probable  that  some  patients  might  thus 
be  saved  who  would  otherwise  die.     A  very  marked  differenee  certainlv  exi8ts 
between  the  results  of  wounds  made  by  old-fashioned,  large,  heavy,  soft-lead 
bullets  and  the  modem  hard  projectile  fired  at  high  velocity  and  used  at 
presen  t.     A  larger  proportion  of  the  wounds  made  by  the  latter  are  immedi- 
ately  fatal,  bnt  in  those  who  recover  wound  infeetion  is  less  frequent,  and 
complete  and  rapid  restoration  to  health  is  the  rule,   so  that  wounds  ap- 
parently  of  a  serious  character  may  be  reeovered  from  in  ten  day8  or  a  fort- 
night,  and  the  soldier  again  be  ready  for  duty  in  a  8urpri8ingly  short  tirne. 
With  the  old  lead  bullets  prolonged  suppuration,  resections,  amputations,  and 
greatly  delayed  convalescence  were  the  rule  rather  than  the  exception.    The 
recent  wars  in  the  Balkans  ha  ve  seemed  to  8how  that  the  sharp-pointed,  small 
caliber  bullets  produce  in  general  wound8  of  a  character  even  more  deadlv 
than  those  with  the  rounded  point. 
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We  shall  now  consider  the  conditions  of  fighting  on  land  in  more  detail 
Soldiers  fighting  on  land  may  find  themselves  in  one  of  three  positions.  (1) 
They  may  be  attacked  while  occupying  a  fortified  post.  Ilere  the  conditions 
for  the  eare  of  the  wounded  are  relatively  favorable.  The  fortifications 
themselves  U8iially  offer  some  protection  for  the  wounded  and  for  tbe  sur- 
geons,  who  are  able  to  čare  for  them  on  the  spot,  and  immediate!y. 
Moreover,  a  good  hospital  is  usually  within  easy  reach,  and  transpor- 
tation  of  the  wounded  to  it  is  not  difficult;  neither  is  it  exposed  to  the 
perils  of  transportation  to  a  field  hospital  during  an  engagement.  Even  if  a 
fortified  post  be  eaptured,  the  peril  of  the  wounded  need  not  therebv  be 
increased. 

(2)  Troops  may  be  employed  as  an  attacking  force  against  a  fortification. 
Sucli  operations  give  time  to  the  medical  department  in  consultation  witb  the 
commander  of  the  forees  to  arrange  its  field  hospitals  and  dressing  stations  in 
suitable  places  wherc,  exccpt  in  čase  of  disastrous  repulse  and  counter  attack, 
the  wounded  can  readilv  be  transported  and  cared  for.  If ,  however,  the  attack 
is  not  successful,  the  wounded  who  fall  between  the  advance  lines  of  the 
attack  and  the  fortifications  must  lie  sometimes  for  hours  or  davs  withoiit 
help,  unlcss  a  truce  is  declared  for  this  purpose.  This  belt  of  ground  between 
the  lines  will  be  so  8wept  by  rifle  and  artillery  fire  that  no  aid  can  be  gi^^° 
until  the  eniragement  is  over.  Such  conditions  happened  before  Port  Arthnr 
after  assaults  made  by  the  Japanese,  and  occurred  repeatedly  in  the  battles  or 


WOUNDS    KECEIVED    IN    LAXD    WARFARE  659 

our  Civil  War.  Under  these  conditions  the  woundecl  suffered  gieatlv,  and 
inany  died  whose  lives  might  have  been  saved  by  prompt  assistance. 

(3)  One  mobile  body  of  troops  may  attack  another  force  also  movable. 
Here  the  conditions  for  the  čare  of  the  wounded  are  most  difficult.  The  fire 
of  modem  artillery  and  of  rifles  is  so  deadly,  even  at  great  ranges,  that  the 
Medical  Department  may  find  it  very  difficult  to  establish  stations  at  once 
sheltered  from  fire  and  accessible  to  the  wounded. 

Method  of  Oiving  Aid  to  the  Woimded  on  the  Battlefield. — The  following 
very  brief  8ummary  of  an  article  written  by  General  Robert  M.  0'Reilly,  in 
Keen's  '*Surgery,"  gives  the  method  of  aiding  the  woimded  that  is  used  in  the 
United  States  Army. 

The  woimded  are  cared  for  in  four  ways,  or,  one  might  say,  stagee. 

1.  Regimenta!  Aid. 

2.  Dressing  Stations. 

3.  Ambulance  Stations. 

4.  Field  Ilospitals. 

1.  REGIMENTAL  AID. — Regimental  aid  is  such  as  may  be  rendered  by  the 
regimenta!  surgeon  and  his  assistants.  The  regimenta!  surgeon  or  the  medical 
ofticer  next  in  ran!^  has  under  his  command  the  men  of  the  hospita!  corps  de- 
tailed  for  first-aid  worl{.  They  are  distributed  in  the  rear  of  the  fighting  line 
and  as  near  to  it  as  possible,  within  1,000  yards,  if  practicable,  and  on  rough 
ground  perhaps  much  nearer.  Their  duties  are  to  render  first  aid  to  such  of 
the  wounded  as  can  he  reached,  to  app!y  first-aid  dressings,  to  checlc  bleeding, 
to  provide  improvised  splints,  to  secure  immobilization,  to  help  the  wounded 
to  places  sheltered  from  fire  if  possible,  and  to  help  them  to  the  rear.  The 
regimental  surgeons  also  supervise  the  work  at  the  dressing  stations,  preserve 
order,  and  see  that  malingerers  return  to  the  front,  and  that  those  who  require 
transportation  by  ambulance  are  properly  cared  for.  If  necessity  requires,  the 
members  of  the  regimental  band  and  a  detail  of  men  from  each  company 
act  as  litter  bearers.  During  an  engagement,  however,  most  of  the  badly 
wounded  must  lie  upon  the  field  where  they  fall,  because  litter  bearers  can 
rarely  reach  them  in  safety,  or,  if  they  do,  can  onlv  attempt  to  carry  them  to 
the  rear  at  great  peril  to  both  bearer  and  woundcd.  Accordingly  this  work 
can  only  be  accomplished  in  a  satisfactory  manner  after  firing  has  ceased,  or 
after  a  considerable  advance  has  been  made  by  the  firing  line.  The  only  aid 
that  the  wounded  can  receive  at  the  immediate  front  will  be  such  as  can  be 
given  to  them  by  their  companions  on  the  firing  line.  The  better  the  soldier 
is  instructed  in  first-aid  duties,  the  better  the  carc  he  will  receive. 

In  the  United  States  Army  each  soldier  is  supplied  with  a  first-aid  packet, 
in  a  light  metal  čase.  The  contents  are  a  sterilc  gauze  pad  and  bandage,  so 
arranged  that  the  pad  can  be  applied  to  the  wound  and  bandaged  to  the  limb  or 
other  part  without  handling  the  pad  itself.  A  small  tube  of  iodin  in  solution, 
if  such  can  be  made  stable,  is  valuable  to  pour  over  the  wound  and  the  sur- 
rounding  skin,  or,  if  the  wound  is  large,  the  pad  of  gauze  may  be  soaked  in 
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lodiii  sohitioii  and  applied  to  tlie  raw  surface.     It  is  important  that  tliese  first- 
aid  dressings  shoiild  exteiid  well  bejond  the  wound  edges,  and  that  they  should 
be  so  applied  as  to  reraain  firmly  in  position,  protecting  the  wound  area  com- 
pletelj  from  soiling  by  dust  or  by  the  friction  of  dirty  clothing.     If  well  ap- 
plied, such  dressings  will  protect  a  wound  from  oiitside  infection  for  manv 
days,  or  until  danger  of  infection  from  without  has  passed,  unless  the  wound 
surface  be  extensive  and  much  contused. 

In  city  hospitals  many  dressings  are  held  in  plače  by  strips  of  oxid  of  zine 
plaster.  This  does  not  slip,  nor  does  it  irritate  the  skin,  and  aifords  some 
support  to  the  wounded  part.  A  small  roll  of  siich  plaster  would  be  a  valu- 
able  addition  to  a  first-aid  packet.  It  is  useful  for  support  and  immobili- 
zation,  for  holding  splints  and  dressings  in  plače,  and  for  manv  other 
purposes. 

In  recent  wars  many  wound8  have  been  healed  under  this  first-aid  dressing. 
On  no  acconnt  should  a  finger  or  an  instrument  be  inserted  into  these  fresk 
wonnd8.  The  less  the  interference  the  better,  except  for  the  control  of  active 
bleeding.  For  extensive  lacerated  wounds  the  so-called  "shell  wound  packet," 
now  in  use  in  the  navv  and  artillerv  arm  ashore,  is  efficient. 

Before  applying  the  first-aid  dressing  the  clothing  should  be  cut  away  and 
the  wound  completely  exposed  to  the  air.  No  oiled  silk,  rubber  tissiie,  or  other 
impcrvious  material  should  be  used,  either  on  the  wound  or  outside  the  dress- 
ing ;  such  a  covering  prevents  evaporation,  keeps  the  wound  from  drying,  and 
thus  favors  bacterial  growth. 

On  no  accoimt  should  the  wounded  be  brought  to  the  rear  by  imwounded 
comrades  engaged  on  the  firing  line.  The  defense  is  thus  weakened  to  no 
purpose,  and  often  seriously.  This  was  observed  many  times  on  the  Kussian 
lines  when  fighting  the  Japanese.  To  prevent  this  those  detailed  to  render 
first  aid  should  make  cverv  possible  eflFort  to  rcaeh  and  bring  back  the  woiinded. 
If  they  fail  in  this,  human  nature  will  assert  itself  against  the  strongest  dis- 
cipline, and  from  sympathy — not  from  cowardice — the  soldier  will  desert  the 
firing  line  in  order  to  help  his  woimded  comrade  to  the  rear. 

2.  DRESSING  STATIONS. — The  dressing  stations  are  in  charge  of  the 
brigade  surgeon.  These  are  located  as  near  the  firing  line  as  possible,  but 
sheltered  from  fire.  They  should  be  as  near  as  practicable  to  some  road  or 
track  over  whieh  horse  or  automobile  ambulances  can  travel  to  the  field  hos- 
pitals. From  the  dressing  stations  8quads  of  litter  bearers  are  sent  to  seek  and 
bring  btick  tlio  woundod  from  the  firing  line,  or  as  near  to  it  as  thev  can  ap- 
proach  \vithout  too  much  exp()sure.  When  the  wounded  reach  the  dr^in? 
stations  thev  aro  examined  and  classified  as  to  the  apparent  gravity  of  their 
injurios.  Kncli  man  is  tagged  with  a  proviaional  diagnosis,  and  an  "iirgent 
tag  is  attaohed  to  those  who  require  immediate  attention.  Only  emergencva^d 
is  givcn  at  these  stations.  Active  bleeding  is  controlled,  first-aid  dressings  are 
applied,  injured  limbs  are  immobilized,  and  remedies  are  given  to  combat 
shock. 
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3.  AMBULANCB  STATI  ON  S, —The  fuiiction  of  the  ambulanee  atation  is  to 
traiiaport  the  seri()usly  woun<le<l  with  the  least  pussible  delay  to  the  field  hos- 
pital.  W)icn  practicable,  the  ilreBStng  statioua  and  ambulanee  statioiis  niay  be 
{!oiiso1idatcHl. 

4.  J-JELD  U08PTTAL8.— At  the  field  hospitals  the  woimded  are  more  eare- 
fiill.v  elassitied.  Dresaiiigs  and  splints  sititable  for  transport  to  the  base  hos- 
jiifa!  are  applicd.  Only  Bueh  operations  as  are  absolutelj"  necosaarv  are  per- 
fornied,  siiice  aseptie  teehnic  is  almost  impoasible  nnder  the  conditions,  How- 
ever,  with  boiled  vvater,  tincture  of  iodin,  boiled  instniments  and  boiled  nib- 
ber  glovea,  and  with  a  traincd  staff,  the  ueccsaarv  proeednres  mav  be  car- 
ried  oiit  with  some  approach  to  cleanlineas.  The  larpe  nnmbor  of  cases  to  be 
cared  fnr  is  always  a  seriouB  handicap  to  efficiencv,  and  expericnce  show3  that 
the  patieiits  suffcr  less  if  they  are  sent  at  the  earliest  posaible  moment  to  a 
baae  hospital  or  to  a  civil  hospital  in  the  nearest  large  city. 

The  scveral  kinds  of  miseilea  and  their  efFects  may  be  taken  up  seriatim. 
They  are: 

1.  Rifle  bullets. 

2.  Projectiles  fired  from  cannon,  shell,  shrapnel,  and  canister. 

3.  Hand  grenades. 

4.  Explosion  of  minee,  etc.,  in  naval  warfare. 

WOUKI>8   IHTE   TO   BIFLE   BUU^TS 

Modem  rifle  fire  is  said  to  be  annoying  at  3,000  yardB,  effective  at  1,200 
yards,  deoisive  at  600  jards.  The  pointed  bullet  is  more  easilv  upset  than 
the  heavier  bullet  with  an  ogival  point,  hence,  it  niight  be  cxpected  that  the 
former  woiild  more  often  strike  8idewi8e,  and  prodnce  graver  injnries.  Ob- 
aervationa  during  the  most  recent  war8  8how  that  this  ia  very  often  the  caae. 

The  fo]lowing  description  is  based  upon  experience  with  the  earlier  type  of 
bullet,  which  is  stili  being  used  by  troops  in  the  Philippines  and  elsevrhere. 
The  effccts  iiiK)n  different  tiasuea  when  struck  by  the  small  caliber  hard  bullet 
varv  with  the  rangc  and  alao  with  the  phyBical  qnality  of  the  tissues  or  organa 
struck.  The  kinetic  encrgv  of  the  bullet  at  ordinary  ranges  is  enonnous,  and 
the  dcstructivc  effcct  upon  the  body  varies  in  aeveritv  diri?ctly  with  the  resist- 
anec  offcred  by  the  tiaaiiea.  Thus,  upon  skin,  8ul)ontaneou3  tissue,  muscie, 
tendon  and  biood  vessels,  aince  theae  atructures  offer  but  a  trifling  resistance, 
the  missile,  assuming  that  it  travels  head  on,  prodiices  a  mere  puncture  or  nar- 
row  tract  with  littlo  or  no  lateral  deatruction.  If  the  bullet  is  upaet  in  itB  fii^^ 
and  Btrikea  aidewise  ()r  Imtt  ciid  furciiioat,  or  if  i 
the  laceration  of  the  s.ift  piirti 
W0Und8  larger,  pa  rtiču  larlv  thr 
become  infected.  \Vhoii  the  biiUct  - 
Tones  only  soft  parts,  the  n 
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cular,  with  slightlj  ragged  edges,  about  1/3  in.  in  diameter.  The  orifice  is 
soon  filled  with  a  black  crust  of  clotted  blood.  Slight  necrosis  of  the  edges 
may  occur  after  a  few  dajs,  but  if  the  woimd  is  covered  with  an  aseptic  dress 
ing  and  not  disturbed,  primary  union  occiirs  as  a  nile  in  a  week  or  ten  dajs. 
If  the  bnllet  strikes  the  skin  obliquely,  the  wound  of  entrance  will  be  oval. 
As  stated,  these  results  are  modified  when  the  bullet  is  deformed  or  strikes 
8idewise. 

Upon  solid  organs  or  hollow  organs  filled  with  fluid,  liver,  spleen,  kidnev, 
stomach  and  urinary  bladder,  the  resistance  oflFered  is  miieh  greater,  and  at 
ordinary  ranges,  extensive  laceration  and  bursting  are  to  be  expected.    Upon 
the  spongv  ends  of  the  largest  bones,  femiir  and  tibia,  elean  perforations  with 
radiating  fissiires  are  comraon.     Upon  the  smaller  bones,  metacarpals,  raeta- 
tarsals,  etc,  the  part  struck  is  usiially  pulverized.     Upon  the  hard  shafts  of 
long  bones,  which  oflFer  great  resistance,  exten8ive  splintering  and  widesprea(i 
destniction  of  bone  and  soft  parts  are  the  rule.     In  the  immediate  \'iciiiity 
of  the  point  of  impact  the  bone  is. pulverized.     The  bone  dust  and  bone  splint- 
ers  become  secondary  missiles,  and  often  eause  wide8pread  destniction  of  the 
soft  parts,  and  a  woimd  of  exit  of  large  size,  sometimes  slit-like  with  radiating 
tears.     If  the  bullet  strikes  the  bone  obliquely,  a  large  part  of  the  shaft  mav 
be  reduced  to  bone  dust  and  splinters.     These  cxplosive  eflFects  are  observed  up 
to  a  range  of  GOO  vards,  beyond  which  they  gradually  diminish,  while  at  great 
ranges,  1,500  to  2,000  yard8,  they  nearly  or  quite  disappear,  so  that  the  traek 
of  the  bullet  becomes  a  simple  channel  with  little  or  no  lateral  destruction, 
modified,  however,  by  deformed  and  upset  bullets,  when,  on  account  of  the 
greater  striking  area,  the  destruction  of  tissues  is  increased. 

With  these  general  remarks  we  may  consider  the  eflFects  of  rifle  bullets  more 
in  detail.  As  alreadv  noted,  the  modem  rifle  kills  a  larger  proportion  of  those 
hit  outright  than  the  earlier  rifle;  for  example:  1  in  2.5  in  the  Turko-Bul- 
garian  War  and  1  in  4.12  of  those  woimded  in  the  Anglo-Boer  War  as  cora- 
pared  with  1  in  5.57  in  the  American  Civil  War.  However,  with  the  niodern 
bullet,  of  those  wounded  who  do  not  die  on  the  field,  a  large  proportion  recover 
completely  and  promptlv.  Permanent  disability  is  also  le^s  common.  No 
doubt  these  results  are  modified  by  early  aseptic  and  antiseptic  treatnieiit,  and 
by  avoidaiice  of  fingering  and  probing  the  wound.  Also,  while  in  earlier  wars 
immediate  ainputations  and  resections  were  done  in  field  hospitals  and  were 
nearly  ahvavs  infected,  at  present,  great  conscrvatism  is  the  rule,  and  a  large 
proportion  of  the  wounded  recover  without  infection. 

We  have  alreadv  noted  the  characters  of  wounds  of  the  skin. 

Wonnds  of  Tendons. — Tendons  are  not  pushed  asi  de,  but  are  cut  and  maj 
be  cleanlv  sevcrcd,  as  from  the  cut  of  a  knife.  Such  severed  tendons  shoulJ  bo 
sutured  a  t  the  earliest  possible  moment. 

Wounds  of  Nerves. — Nerves  mav  be  wholly  or  partially  divided.  ^^^'® 
early  suturc  is  the  best  treatment,  such  nerve  injuries  are  peculiarlv  liable  to 
be  followe(l  l)y  peripheral  neuritis  and  rather  extensive  central  degeneration 
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with  paraljeis  and  severe  pain.  The  prognosia  following  even  ear]y  nerve 
BUture  18  not  as  favorable  as  after  auture  fol]owing  incised  woundB  or  nerves. 
If  a  nerve  trunk  is  included  in  a  mass  of  acar  tissuo,  and  is  ver;  painful,  it 
niay  be  freed  by  careful  dissection  with  hope  of  relief. 

WonndB  of  Blood  Veaseli. — Arteries  and  veins  are  c1eanly  cut  or  perforated 
by  rifle  bulleta.  If  the  main  artery  of  a  litnb  or  a  large  artery  8nywhere  is  cut, 
8pecdy  death  from  bleeding  niay  occur.  In  some  cases  if  the  bole  in  the  vessel 
ie  Binall,  and  tlie  track  of  the  buHet  uncotnplicated  and  narrow,  passing  through 
firm  tiesiies,  the  bleeding  niay  stop  spontaneoiislj.  The  caliber  of  the  vessel 
may  bo  siib8eqiieiitly  normal,  reduccd  in  aize,  or  even  obliterated  by  scar  tissue. 
In  otber  cases  an  arterial  hematoma  or  traumatic  aneurysm  will  form.  It  is 
said  that,  in  a  few  cases,  mere  contusion  of  the  vessel  waU  bas  resulted  in  an 
'  aneury8m  resembling  the  pathological  variety.  Arteriovenotts  aneurysm  and 
aneurysmal  varix  have  both  been  obserred. 

The  treatment  of  wounda  of  vessels  will  depend  upon  whether  the  bleeding 
stops  3pontaneously  after  rest  and  inimobilization  or  continues  or  recurs.  In 
the  last  two  groups  aseptic  incision  and  distal  and  proximal  Hgation  of  the 
vessel  is  the  method  of  cboice.  If,  bowever,  this  is  not  possible,  pronimal  liga- 
tion  through  a  separate  incision  nearer  the  heart  may  be  done,  always  with  the 
risk  of  gangrene,  eapecially  of  the  lower  extremity.  Such  risk  will  increaae 
proportioiiately  to  the  deatnietion  of  tissue  and  infiltration  at  the  site  of  the 
original  woun<I.  If  the  wouud  is  or  becomes  infected,  gangrene  is  ali  the  more 
]ikely  to  occur. 

A  caution  of  value  ia  thie.  Bleeding  from  many  of  tbeae  bullet  woimd8 
tends  to  stop  8pontaneou&ly.  Thia  result  may  be  favored  by  moderate  preasure 
over  the  wound  or  by  aseptic  packing,  by  rest,  immobilization  and  elevation  of 
the  limb.  A  little  knowledge  is  a  dangerous  tfaing.  The  immediate  and  pro- 
longcd  application  of  a  toumiquet  haa  cost  in  civil  aa  well  aa  military  practice 
the  loss  of  many  a  limb  and  many  a  life.  The  natural  impulse  of  the  inex- 
perienced  is  to  apply  a  ligature  to  a  limb  for  bleeding,  even  though  it  be  quite 
moderate  in  amoiint.  Such  a  ligature  ahould  remain  in  plače  for  the  briefest 
possible  tirne.  If  it  must  remain  for  an  hour  or  more,  it  ia  better  to  looaen  it 
now  and  then  for  a  fev  momenta,  thuB  permitting  some  blood  to  reacb  the 
parta  beyond  the  wound.  This  caution  doea  not  apply  to  the  cases  of  furious 
bleeding  where  the  raain  artery  of  the  limb  is  cut,  bat  in  auch  caee«  the  wound 
will  usuallv  be  fatal  before  any  help  is  given. 

BECURRENT  BLEEDING. ^From  the  neceBaity  of  tranaporting  the  woiinded 
to  some  distance  and  the  ciiiis'>i|iii'iit  jitriiiii;  iim!  uliaking.  blcnding  from  fresh 
woundB  may  recur.  The  wmindcil  shniiUl  bo  inspected  from  tirae  to  time  with 
this  fact  in  mind. 

SECONDART  HEMORBHAGE  ~Secondary  hemorrii^ajj  »  oompUc^tipn  of 
badly  infected  and  sloughiniz  wounds,  and  is  d 
It  should  be  treated  by  pmxiTnal  and  di«t 
healthj  tissues.     For  this  purpose  the  I 
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cleaned  as  carefullj  and  gently  as  possible  with  a  weak  lodin  solution.  The 
vessel  must  be  sought  for  and  tied  above  and  below  the  seat  of  the  bleeding.  If 
the  main  arterj  of  the  limb  be  the  source,  amputation  will  often  be  the  safest 
mode  of  treatraent. 

Woimd8  of  vessels  in  body  eavities,  thorax  and  abdomen,  where  the  s\a- 
rounding  soft  parts  afford  no  hindrance  to  the  continuanee  of  bleeding  are 
particularlj  dangerous.  If  the  surroundings  are  such  that  seareh  for  the 
bleeding  point  under  aseptic  eonditions  is  impossible,  then  absolute  rest  and 
quiet,  the  application  of  eold  to  the  surface,  and  a  full  dose  of  morphin,  hvpo- 
dermically,  together  with  adrenalin,  are  the  measures  offering  the  best  chance 
of  spontaneons  arrest  of  bleeding. 

Oimshot  Fractures. — ^The  recognition  of  gunshot  fractures  of  the  long  bones 
is  usuallj  very  easy.  Only  incomplete  fractures  may  escape  recognition.  The 
details  of  the  fractures  are  best  learned  by  taking  a  series  of  X-ray  pictures. 

The  treatment,  so  long  as  the  wound  remains  clean,  is  by  the  application 
of  an  aseptic,  occlusive  dressing,  and  immobilization,  according  to  the  princi- 
ples  and  rules  which  guide  the  surgeon  in  the  treatment  of  fractures  in  gen- 
eral. Moulded  plaster-of -Pariš  splints  are  applicable  to  many  fractures,  as  are 
also  moulded  wire  splints,  and  during  the  early  days  of  treatment  are  to  be 
preferred  to  circular  splints  of  plaster-of-Paris.  The  former  are  easilv  re- 
moved  and  renewed.  They  permit  easy  inspection  of  the  wound,  and  will  not 
cause  gangrene  by  constriction  of  the  limb.  If  the  wound  remains  clean,  after 
the  position  and  nutrition  of  the  limb  are  assured,  the  moulded  splint  maj  be 
replaced  by  a  circular  one  in  suitable  cases,  with  a  window  cut  over  the  wottn(i 
for  inspection  and  dressing.  In  such  a  splint,  early  ambulatory  treatment 
is  possible  in  nearly  aH  fractures  except  those  of  the  spine,  pelvis  and 
femur. 

If  a  gunshot  fracture  becomes  infected  it  must  be  treated  on  general  sur 
gical  principles.      Incisions  must  be  made  for  the  relief  of  tension  and  for 
drainage.     Loose  fragments  must  be  removed.     Pus  pockets  should  be  čare- 
fully  sought  for  and  opened.     The  wound  should  be  cleansed  frequently  ^^^ 
gently  by  irrigation   with  iodin  solution,  saline  solution  or  both.     Open  a^^ 
treatment  dav  and  night,  if  possible,  is  of  great  benefit.     The  various  vaccit^^ 
are  sometimes  uscful.     Food  should  be  abundant  but  easily  assimilated,  su^ 
as  milk,  cream,  eggs,  soup.     ITnder  good  surroundings  many  of  these  c»^ 
finally  do  well,  good  union  is  obtained  and  the  limbs  regain  tlieir  usefiiln^^ 
If  they  do  badlv  and  bccome  so  scptic  that  the  general  and  local  conditi^^^ 
grow  pro<2:ressively  worse,   amputation  should  not  be  too  long  delayed. 
amputation  is  done,  it  will  usuallv  be  wise  to  leave  the  amputation  woi^^ 
open.     The  skin  flaps  mav  be  held  loosely  approximated  by  one  or  two  si^   ^ 
worm-gut  sutures.     The  face  of  the  stump  may  be  lightly  paeked  with  ster^'^ 
gauze.     Tf  the  amputation  must  be  made,  as  sometimes  happens,  through    ^ 
fected  tissue,  the  wound  may  be  painted  with  strong  tincture  of  iodin  or 
a  solution  of  camphor  and  carbolic  acid  in  alcohol  (Chlumsky'8  Solution). 
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libese  cases  the  uae  of  autogenoua  vacciiiea  is  sometimes  beneficial.     In  dcfault 
of  these,  mixed  commercia!  vaccines  niav  be  tried. 

WoTiiids  of  Jointa.— Uecent  war3  have  8howii  that  rifle  bullet  woimds  of 
■tLe  larger  joints  mav  do  verv  well  iindcr  conaervative  treatment;  so  long  as  the 
^"Voiind  remains  aseptic,  rapid  healiiijB:  and  more  or  leaa  perfect  reatoration  of 
Ijiiiiietion  are  tbe  nile.  The  resiilt  will  bo  modified  by  the  greater  or  less  regu- 
'larity  of  the  joint  surfaues,  duG  to  displaced  fragmenta  and  the  formation  of 
^3iew  bone,  caiising  mecbanical  interferenee  with  the  free  iiiobility  of  the  joint. 
j-and  alao  by  the  greater  or  less  extent  of  fibrona  auk,ylo8is  remaining.  In  de- 
i'eiding  for  or  against  a  secoudarv  operation  upon  auch  joints,  the  X-ray  will 
;,tis)ially  fiirnish  important  infonnation.  My  own  espericnce  leads  me  to  be- 
jlicve  that  conservatiam  in  theae  caaes  is  often  the  wisest  eoiirse.  A  stiff  joint 
lin  good  position  ia  often  more  comfortable  and  useful  than  a  weak  and  movahle 
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I  Woitnd3  of  the  amaller  jointa,  owing  to  the  small  aize  of  the  bones  and  the 
(flmaahing  effect  of  tlie  biillet  upon  them,  are  comnionly  followed  by  more  or  lesa 
t'C0iup1ete  destniction  of  the  joint  surfacea,  and  con3equent  losa  of  function  in 
'\&e  joint. 

I  INFECTED  WOUNDS  OF  JOINTS, — Xo  more  deadly  and  insidious  type  of 
j''Wpeis  e^ists  than  a  badly  infe(?ted  vvoiind  of  a  large  joint.  Some  of  these  caaes 
[tmffle  the  most  akillfu!  and  cnrneat  etforts  of  modem  surgerv.  Only  rarelv 
liidoes  the  patient  recover  with  a  movable  joint,  AnkyloBi3  is  the  reault  in  some, 
|Bmpntation  in  mauy,  and  death  froni  aeptie  poisoning,  often  with  pyemic 
jsbBcesses,  is  ali  too  freqiient,  The  treatment  consista  in  free  drainage,  irriga- 
ttion,  and  freqiient  and  careful  dresaings.  Tho  nae  of  vaccinea  ia  sometimes 
■^aluable;  aiso  open  air  treatment  and  plenty  of  eaaily  assimilable  food. 
[The  progrese  of  tboae  caaea  should  be  watched  with  exceeding  čare.  They 
|n]BURlly  run  a  semi-chronic  course,  and  sin<%  hinnan  uature  ia  imperfeet 
nnd  aciite  eases  ai-e  more  intereating,  the  dreaeing  nf  these  unfortiinatea 
^18  apt  to  bo  relegated  to  inexperienced  nienibere  of  the  staff,  who 
)fail  to  retrogiMKe  tlie  inaidious  spread  of  the  infection  nntil  it  is  too 
lllate. 

I  Varioua  elaborate  methoda  have  been  devised  for  the  treatment  of  infected 
igoints;  more  eapcciallv  the  ankle  and  the  knee.  Infection  of  the  aukle  joint 
maj  be  treated  with  good  resiilts  in  certain  casea  by  removal  of  the  astragalus, 
1  inatan^ea  I  have  treateil  infections  in  one  or  other  of  the  smaller 
iBraal  joints  by  removal  of  one  or  more  of  the  taraal  bonee  with  good  reaiilta. 
1  the  knee,  the  method  of  opcning  tho  joint  widcly  and  treating  it  in  a  flexed 
Mitiou  has  not  furnished  good  rosutts  in  my  hands,  though  highly  spokeu  of 
'  sevcral  competent  surgeona.  Usuallj  the  joint  will  be  treated  conserva- 
f  by  tube  drainage,  irrigation,  etc,  until  decided  improvomcnt  occura,  or, 
f  the  caae  does  bad]y,  nntil  rospction  or  aniputation  will  be  the  only  roaourco 
Amputation  in  the  bad  cascs  of  knee  and  ankle  infection  is,  as  a  rulo, 
r  tban  resection.     In  the  hip,  free  drainage,  resection  if  neceasar^,  and  dia- 
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articulation  at  the  hip  joint  in  the  worst  cases  are  the  several  steps  in  the 
downward  path. 

In  the  upper  extremity,  drainage,  followed  if  necessary  by  resection,  are 
the  methods  used.  Ampiitation  will  be  less  often  called  for  than  in  the  lower 
extremity.  It  is  to  be  borne  in  mind  that  any  live  appendage  to  the  shoulder 
and  elbow  joints,  armed  at  its  end  by  a  thumb  and  one  finger,  is  a  member  of 
the  greatest  iisefulness.  An  artificial  arm  and  hand,  thongh  never  so  skillfullv 
devised,  is  an  expression  not  of  our  mechauical  deficiency  as  makers  of  ina- 
chines,  but  an  accentuation  of  the  fact  that  no  device  bom  of  human  intelli- 
gence  can  compare  with  the  most  perfect  mechanism  with  which  we  are  ac- 
quainted,  namely,  the  human  hand.  Therefore,  in  the  upper  extremity,  the 
utmost  conservatism  is  to  be  practiced,  and  no  effort  omitted  to  avoid  ampu- 
tation.  A  stiff  shoulder  accommodates  itself  through  the  movable  scapula  to 
nearly  ali  the  exigencies  of  a  strong  and  useful  arm.  A  stiff  elbow  in  half- 
way  good  position  is  almost  no  handicap  at  ali  to  most  occupations.  A  stiff 
wrist  is  unpleasant,  but  scarcely  crippling,  and  some  sort  of  a  hand,  however 
crippled,  is  an  invaluable  possession. 

Bnllets  Lodged  in  or  ncar  Joints. — A  bullet  lying  free  in  a  joint  cavitv 
will  usually  require  removal.  Unless  it  can  be  felt  lind  identified,  it  should  be 
carefully  located  by  the  X-rays.  The  removal  should  not  be  attempted  until 
the  patient  can  be  surroimded  by  every  aseptic  precaution.  If  the  bullet  is 
lodged  in  the  spongy  end  of  a  long  bone  near  a  joint,  there  is  no  more  reason 
for  removing  it  than  though  it  lay  elsewhere,  so  long  as  it  is  not  associated  with 
wound  infection,  and  does  not  interfere  mechanically  with  joint  mobilitv. 
Here  again  no  random  search  should  be  undertaken.  The  missile  must  be 
accuratelv  located.  If  possible,  it  should  be  removed  through  the  overlving 
bone  without  invading  the  joint. 

Wonnds  of  the  Head. — AVounds  of  the  soft  parts  covering  the  skull  not  in- 
volving  the  bone  are  serious  only  on  account  of  possible  bleeding,  as  from  the 
occipital  or  temporal  arteries,  or  infection.  Wounds  of  the  scalp  are  treated 
on  general  surgical  principles. 

Wound8  involving  the  skull  are  serious.  At  short  range  the  explosive  effect 
of  the  sniall  bullet  when  it  traverses  the  cranial  cavity  is  well  marked.  The 
brain  may  be  CKtensivelv  disintegrated,  the  wound  of  exit  large,  and  the  skull 
extensively  comminuted.  In  such  cases  death  is  instantaneous,  or  nearlv  so. 
As  the  range  iiicreases,  the  lateral  destructive  effect  diminishes.  At  estreme 
ranges  it  inav  bo  absent  and  the  bullet  will  often  lodge.  An  upset  bullet  will> 
however,  cause  greater  and  more  widespread  destruction. 

As  a  matter  of  practical  experience  it  has  been  observed  that  even  a^ 
modcrate  ranges  the  small  caliber  bullet  produced  less  lateral  destruction  i" 
its  passage  through  the  brain  than  experiments  on  the  dead  body  would  seem 
to  rendor  probable.  Its  path  niay  be  a  simple  track  with  little  or  no  lateral 
destruction. 

Tangeutial  sliots  niav  cut  a  groove  in  the  outer  table  and  this  mav  be  bss^ 
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ciated  with  fracture  of  the  inner  table  and  laceration  of  the  dura  and  brain. 
AH  bullet  wound8  involving  the  skull,  whether  they  appear  to  penetrate  or  not, 
deserve  careful  exploration  under  aseptic  precautions.  It  will  often  be  found 
that  a  tangential  shot  bas  produced  comminution  of  the  inner  table  and 
laceration  of  the  dura  and  brain  of  imexpected  gravity.  Loose  fragmenta  of 
bone,  hair,  and  other  foreign  bodies  should  be  searched  for  and  removed.  In 
some  cases  the  rongeur  and  periosteal  elevators  will  be  the  only  bone  instru- 
mcnts  required.  In  others,  one  or  other  form  of  trephine,  or  the  circular  8aw, 
or  some  other  of  the  common  instrumenta  in  use  may  be  required.  The  main 
objeet  in  these,  as  in  ali  surgieal  work  on  the  skull  and  brain,  is  to  limit  the 
bleeding  and  to  prevent  infection.  If  infeetion  oceurs  several  results  are  pos- 
sible.  Abscess  of  the  brain  may  follow,  and  may  or  may  not  be  opened  with 
success.  In  other  cases  a  localized  meningitis  will  ensue  which  may  be  drained. 
In  bad  cases  diflFuse  meningitis  will  develop  and  end  fatally. 

PENETRATING   AND    PEBFOBATING   GUNSHOT    W0UND8   OF   THE    SKULL. 

— The  signs  and  svmptoms  of  these  injuries  will,  of  course,  depend  upon  the 
seat  and  extent  of  cerebral  laceration  and  intracranial  hemorrhage.  The  Out- 
look is  worse  when  the  wounds  involve  the  lower  temporal  and  parietal  regions 
and  the  cerebellum  than  when  the  frontal  and  upper  portion  of  the  parietal 
regions  are  the  seat  of  injury. 

In  civil  practice  my  own  observations  of  pištol  shot  wound8  of  the  brain 
have  caused  me  to  be  astonished  at  the  recoveries,  apparently  complete,  follow- 
ing  penetrating  wounds  of  the  cerebrum,  with  lodgment  of  the  bullet.  Somo 
of  these  are  mentioned  in  Johnson'8  "Surgieal  Diagnosis."  Others  I  have  seen 
since  that  book  was  published.  Some  of  these  patients  have  passed  out  of  our 
observation  apparently  quite  well.  In  others,  some  focal  svmptoms  have  re- 
mained,  slight  paralysis  representing  destruction  of  small  motor  areas  or  inter- 
ference  with  special  senses. 

The  question  of  the  removal  of  such  lodged  bullets  must  be  decided  by  the 
circumatances  of  the  particular  čase.  If  the  wound  is  healed,  and  no  symp- 
toms  of  irritation  are  present,  it  is  probably  wiser  to  do  nothing,  unless  the 
foreign  body  is  easily  accessible  and  its  removal  involves  no  risk  of  destruc- 
tion of  important  areas,  whether  centers  or  nerve  paths.  If,  however,  the 
wound  is  slightly  infected,  and  remains  open,  or  if  the  bullet  is  manifestly 
causing  irritation,  as  8hown  by  headaches  or  other  significant  local  or  general 
symptom8,  search  for  the  missile  through  the  track  left  in  the  brain  involves, 
in  my  experience,  no  great  risk.  The  foreign  bodv  must  be  accurately  local- 
ized, so  that  the  operator  knows  exactly  the  depth  and  direction  from  a  fixed 
point  on  the  surface  of  the  skull  (usuallv  the  wound  of  entranee)  to  the  situa- 
tion  of  the  bullet.  The  hole  in  the  skull  may  tlien  be  enlarp:ed  to  convenient 
size  with  the  rongeur,  and  a  toothed  forceps  of  sni  table  size  and  shape  (a 
Kocher  clamp  is  often  good)  or  some  fonn  of  bullet  forceps  is  g*ently  in- 
serted  in  the  proper  direction  and  to  the  measured  depth.  The  forceps  may 
then  be  opened  to  an  extent  suflRcient  to  clasp  the  bullet  in  the  diameter  which 
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it  is  known  to  present  in  that  plancj  tlien  advanced  a  little,  and  gently  closed. 
If  the  bullet  is  seized,  the  forceps  and  bullet  are  carefully  withdrawn.  If  not, 
another  effort  maj  be  made  to  touch  and  grasp  it  with  the  forceps,  or  the  fo^ 
ceps  may  be  gentlv  withdrawn  and  a  thick,  blunt-pointed  probe  introduced  in 
order  to  recognize  by  touch  the  metallic  surface.  If  these  manipulations  are 
made  with  dne  čare  and  gentleness,  no  great  harm  will  be  done,  and  thev  will 
usually  be  successful.  When  the  bullet  has  ploughed  through  and  lies  more  or 
less  corapletely  imbedded  in  the  base  of  the  skull,  it  is  better  to  let  it  alone,  for 
under  these  conditions  the  surgeon  may  have  great  difficulty  in  touching  and 
recognizing  the  missile,  and  even  greater  trouble  in  extracting  it  without  doing 
more  damage  than  the  conditions  warrant.  In  some  cases  the  telephonic  probe 
might  be  useful.    I  have  never  used  it. 

When  bullet  wounds  of  the  brain  are  infected  and  are  complicated  by 
abscess  or  localized  meningitis,  the  indications  are  for  drainage.  The  outlook 
is  not  very  good.  When  as  the  result  of  a  bullet  wound  there  are  considerable 
loss  of  substance  of  the  skull  and  laceration  of  the  dura  which  cannot  be 
repaired,  a  so-called  ^^hernia  cerebri''  nlay  develop.  If  not  complicated 
by  severe  infection,  it  is  not  so  serious  a  condition  as  would  appear  to 
those  not  familiar  with  the  course  of  this  phenomenon.  For  a  time  it  grow8 
larger  and  may  form  a  large  protrusion.  After  some  weeks  the  mass 
always  shrinks,  and  upon  healing  the  scar  is  depressed  below  the  level  of  the 
skull. 

Wonnd8  of  the  Face. — Gunshot  wounds  of  the  face  may  be  of  any  degree 
of  severity.  Xo  rules  for  their  čare  can  be  given  other  than  that  thev  sboiild 
be  kept  as  clean  as  may  be  by  mouth  washes,  sterile  food,  and  nasal  doiiches. 
In  general  their  treatment  must  be  modined  according  to  the  speci  al  charac- 
teristics  of  the  individual  ease. 

When  the  undeformed  bullet  strikes  point  foreniost,  the  face  may  be  tra- 
versed  in  almost  anv  direction  without  producing  grave  injurv.  The  track 
of  the  bullet  is  simple,  and  if  clean  soon  heals.  Two  types  of  injurv  are, 
however,  more  serious:  (1)  Fraetures  of  the  lowcr  jaw  and  f ractures  of  the 
upper  or  lower  javv  when  the  bullet  strikes  the  teeth,  (2)  \vounds  of  tbe 
eye  and  orbit.  In  wounds  of  the  jaiv,  more  especiallv  the  lower  jaw,  it  is  to 
be  borne  in  inind  that  the  bone  is  hard  and  dense,  and  that  the  inereased  resist- 
ance  oifcrcMl  pemiita  the  flving  bullet  to  expend  a  larger  part  of  its  energv. 
Hence,  cornminuted  fraetures  are  produccd.  The  teeth  also  niav  become  sec- 
ondarv  missiles,  and  greatlv  increase  the  extent  of  the  injurv.  In  these  oAses 
modern  dental  surgerv  mav  do  much  by  the  use  of  interdcntal  splints  and 
cleanliness,  and  later  by  plastic  operations  upon  the  face  and  by  the  use  of 
cleverlv  devised  artificial  teoth,  plates,  and  their  addenda. 

The  eye  mav  be  injured  in  anv  degree  of  severi ty,  from  a  mere  contusion 
to  a  complete  destruction  of  one  or  both  eves,  or  the  optic  nerve  mav  be  cut. 
In  some  of  these  woimds  the  anterior  fossa  of  the  skull  mav  be  entered.  The 
treatment  of  destruction  of  one  eve  is  immediate  enucleation.     Less  severe 
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injiiries  inay  be  trcated  conservatively  sometinies  by  iridectoiny,  by  the  use 
of  atropiii  and  cocain,  iced  cloths,  etc. 

Wonnd8  of  the  Neck. — Gunshot  wound8  of  the  neck  inay  be  slight,  severe, 
or  inimediatelv  fatal  injuries,  according  to  the  structures  through  which  the 
bullet  passes.  The  large  vessels,  the  nerves,  the  larynx  and  trachea,  the  esopha- 
gus,  the  spine  and  spinal  eord  may  any  of  thera  be  injured.  Those  which 
como  iinder  the  surgeon's  čare  will  not  be  as  a  rule  very  severe  injuries.  The 
sniall  caliber  bullet  may  pass  through  the  neck  in  almost  any  direetion,  and 
yet  the  important  vessels,  nerves,  etc,  may  not  be  touched. 

Aneurvsm  and  aneurvsmal  varix  as  well  as  varicose  aneurysm  have  ali 
been  observed.  Their  treatment  is  operative.  Wounds  of  important  nerves 
can  rarelv  be  treated  by  operation  with  suecess. 

TRACHEA  AND  LARYNX. — Wound8  of  the  trachea  and  larynx  demand  im- 
mediate  tracheotoniy  to  avoid  the  danger  of  laryngeal  obstruction. 

ESOPHAGUS. — Wounds  of  the  esophagus  demand  immediate  exposure  of 
the  esophagus,  repair  of  the  wound  in  the  giillet,  and  open  drainage  to  avoid 
abscess  and  cellulitis.  The  patients  should  be  fed  through  a  long  rubber  tube, 
size  about  24  French,  passed  through  the  noše  or  mouth  into  the  stomach. 

Wonnd8  of  the  Thorax. — \Vounds  of  the  thorax  may  be  penetrating  or  non- 
penetrating.  The  former  group  as  a  rule  present  no  serious  problem  to  the 
surgeon,  provided  they  remain  elean.  An  intercostal  artery,  if  cut,  should  be 
tied.  The  internal  mammary  may  bleed  fatally,  and  should  be  exposed  and 
tied  if  possible. 

Penetrating  wounds  of  the  thorax,  when  they  wound  the  heart  or  the  great 
vessels,  are  usually  immediately  fatal  and  do  not  come  under  treatment. 

THE  LUNG. — The  lung  offers  but  slight  resistance  to  the  small  bullet,  and 
the  track  through  its  substance  is  usually  narrow.  The  treatment  is  at  first 
conservative  by  an  occlusive  dressing  and  immobilization  of  the  chest  by  strap- 
ping  and  bandages.  Empyema  is  to  be  treated  by  resection  of  a  rib  and  drain- 
age. In  most  instances,  hemothorax  is  best  let  alone,  for  a  time,  for  the  bleed- 
ing  to  cease  pemianently.  If  the  blood  accumulates  in  large  amounts  it  may 
be  removed  by  a  powerful  aspirator.  If  the  surgeon  chooses  to  do  an  open 
operation  this  must  be  performed  under  intratracheal  anesthesia,  in  a  regu- 
larly  equipped  hospital.  Under  less  perfect  conditions  interferenoe  would  not 
be  justifiable.  I  recently  treated  a  gunshot  wound  of  the  lung  where  a  large 
amoimt  of  blood  had  accumulated  in  the  pleural  sac,  first  by  arointion  T« 
a  few  (iaya,  however,  empyema  developed  and  required  the  ^ 
and  drainage. 

PneumoiJiora,r  is  to  be  treated  by  rest  and  later  by 
by  blowing  water  from  one  bottlo  to  another. 

The  signs  and  svmptoms  of  injury  of  the  lu 
hemopty8is,    coiigh,    8iil)cutaneous    emphy8ema,    i 
changcs  determincd  by  physical  examination,  som 
svmptoms  of  blecding.    Extcrnal  bleeding  is  raie. 
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Woimds  of  the  lung  usuallj  remain  clean^  but  if  the  bullet  has  pasaed 
through  the  storaach  or  bowel  first,  then  empyema  or  abscess  of  the  lung  will 
be  very  likelj  to  follow.  When  a  bullet  enters  and  lodges  in  the  lung,  it  maj 
remain  quiescent  indefinitely,  and  do  no  harm. 

Woimd8  of  the  Spine. — Bullet  wound8  of  the  spine  niay  or  may  not  in- 
volve  the  spinal  cord.  Those  whieh  injure  the  bodies  of  the  vertebr®  may  be 
mere  perforations.  Those  which  involve  the  processes  and  arches  are  more 
apt  to  be  comminuted  and  the  latter  are  usually  attended  by  cord  symptom8. 
The  nerve  roots  may  also  be  cut.  In  the  wounds  involving  destruction  of  the 
cord  the  prognosis  is  bad  and  operation,  as  a  rule,  useless.  Wounds  without 
cord  symptoms  heal,  if  clean,  under  conservative  treatment.  The  only  method 
of  determining  the  situation  of  a  bullet  in  the  spine  is  by  means  of  the  X-ray8. 
If  such  a  bullet  appears  to  be  pressing  on  the  cord,  and  its  presence  is  attended 
by  the  syniptoms  of  a  partial  lesion,  it  may  be  removed  with  possible  benefit 

Wonnds  of  the  Abdominal  Viscera. — Theoretically,  wounds  of  the  abdom- 
inal  viscera  should  be  operated  upon  and  the  injury  repaired.  Practicallj,  the 
conditions  of  warfare  forbid  interference  in  most  cases.  There  is  a  fair  pe^ 
centage  of  recoveries  reported  as  the  result  of  conservative  treatment  To 
surround  a  patient  in  a  field  hospital  with  the  neces8ary  asepsis  and  after-care, 
is  well-nigh  impossible.  Stili,  the  surgeon  must  be  guided  by  circumstanc«, 
and  if  he  be  well  trained  in  abdominal  work,  as  many  of  our  young  men  who 
leave  our  large  city  hospitals  and  enter  the  army  are,  he  may  find  opportunitj 
to  operate  and  save  lives  in  gunshot  wounds  of  the  abdominal  viscera.  He  will 
bear  in  mind  that  time  is  evervthing.  A  man  with  a  wounded  bowel  or  atom- 
ach  or  one  who  is  bleeding  to  death  f  rom  a  bole  in  his  mesentery  may  be 
operated  on  sueees8fully  now,  an  hour  after  he  is  wounded.  After  6  hours 
it  may  be  too  late.  I  have  observed  this  more  especially  in  perforated  ulcers 
of  the  stomach.  If  these  cases  are  operated  upon  within  1  or  2  hours  after  the 
perforation  has  occurred,  the  mortality  is  very  small,  and  should  not  exceed  ^ 
per  cent.  After  peritonitis  is  well  developed,  the  mortality  rises  very  high 
indeed,  and  even  after  12  hours  manv  of  thcse  cases  are  hopeless. 

WOUNDS  OF  THE  LIVER. — It  will  rarelv  happen  that  a  bullet  wound  of 
the  liver  can  be  treated  8uccessfully  on  the  battlefield.  The  wounds  are  either 
slight,  mere  gutters  on  the  surface  of  the  liver,  in  which  čase  bleeding  m^.^ 
stop  spontaneouslv,  or  they  are  more  or  less  wide  tracks  through  the  liver  sub- 
stance, sometinies  with  widespread  destruction  of  tissue.  Some  of  tbese  can 
be  treated  suceessf ullv  in  civil  practice  by  packing,  but  many  die  in  spite  of  the 
best  čare.  In  warfare,  operative  interference  upon  the  battlefield  is  scarcelj 
likelv  to  be  beneficial. 

WOUNDS  OF  THE  SPLEEN. — In  civil  life,  gunshot  wounds  of  the  spleen 
may  often  bc  treated  succes8fully  by  splenectomy.  On  the  battlefield  operative 
interference  woul(l  not  be  justified. 

W0UN1)S  OF  THE  URlNARV  BLADDER. — Wounds  of  the  urinary  blad«'^'' 
are  to  be  treated  by  suture  if  possible,  U8ually  with  drainage.-    They  req"*^ 
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careful  after-treatment  by  frequeiit  aseptic  catheterization.  S  ometi  ni  es  it 
may  be  foiind  best  to  tie  a  catheter  in  the  bladder  for  several  days.  Tlie  sigiia 
and  s^-mptoms  of  iiriiiarv  infiltration  are  to  be  treated  bv  incision  and  perineal 
draioa^e. 

WOUNDS  OP  THE  UBETHBA. — "NVoiinds  of  the  urethra  may  sometimea  be 

■  treated  conservativeIy.     Uaual]y  they  will  require  perineal  drainage, 

WOUNDS  OF  THE  TE8TE8. — Wounda  of  the  testea  are  rarely  serious,  and 
inay  be  treated  conaervatively  in  nioat  cases- 

Woniida  of  the  Eztremitiei. — In  an  earlier  part  of  thia  chapter  an  outline 
bas  been  given  of  the  treatment  of  g;tmstiot  voiinds  of  the  extremitiea.  It 
shonld  be  eonacirative  whenever  poaaiblc.  It  is  well  to  remeinber  that,  ishile  a 
woodeii  leg  is  very  useful,  an  artificial  hand  is  a  poor  substitute  for  one  of 
I  flesh  and  bone. 

I 
I 

VOUNDS    PBODUCED    BY    PBOJECTII.ES    FROSI    ABTILLEBT 
AND    HAND    OBENADES 

"Artillerv  projeptilea  are  ciaasified  as  shot,  shell  and  rase  shot. 
"Shot. — Solid  ahot  is  no  longcr  used  in  modem  paniions,  iJie  projectile  called 
a  ahot  ^ing  hollow  with  thick  valls.    It  is  principally  used  to  perforate  armor 
and  carries  a  small  burating  charge. 

"Shell. — The  shell  is  a  hollow  projectile  with  tliinner  wans  than  the  pre- 
eeding.  It  ia  also  provided  with  a  large  bursting  charge.  It  is  nsed  to  destroy 
pcrsnns  or  material.  Pom-pom  shell  is  another  kind  of  shell.  It  derivea  ita 
'  name  from  tlie  repnrt  of  ita  diaoharge.  It  is  fired  from  the  one-ponnder  Vick- 
H  ers-Maxim   Aiitomatip   Gun.      It   ia   1.4.'i'r    inclies   in   length,   and   weighs   16 

■  oimcea.  It  explodp3  by  pertriisaion.  Tlns  shell  is  used  to  kili  and  wound  the 
I  enemv ;  hence,  like  the  common  shell,  it  breaks  into  raany  fragmenta. 

"Caie  Shot.— This  eonsists  of  a  nnmher  of  shot  held  togpther  in  n  metal 
*  Oaae,  whieh  may  be  ruptured  by  the  ahnek  of  discharge  or  by  a  bursting  charge. 
The  term  canister  or  graj)?  shot  is  applied  to  the  lattcr, 

"The  inodern  projeetiles  of  the  artillerv  are  ali  cylindrieal  with  an  ogival 
bead.  exoept  the  oanister,  which  has  a  flat  head. 

"Caniater. — Tn  thia  projectile  tlie  metalHc  cnvelope  is  fiUed  with  small  ball^ 
■which  are  liheratcd  hy  the  shoek  of  discharge.  Oanister  is  nsed  at  short  range 
.  when  thf  gims  of  a  batterv  are  in  danger  of  captnre.     Ench  3-incIi  caniater 

■  eontaina  244  iron  balls,  %  of  an  inch  in  diameter,  weighing  ."lO  tn  the  ponnd, 
plaeed  in  a  recoptacle  fhe  shape  of  an  elongated  can.  The  caniater  haa  been 
entirelv  snpert^eded  hy  the  modern  shrapncl. 

"Shrapnel.— The  shrapnel  is  of  special  intereat  to  snrgeons  bccause  of  its 

increasing  importanee  in  angmenting  the  caanaltv  liat  of  battles  in  modem 

■war8.     The  »hrapnel  is  a  projectile  which  carries  a  nnmher  of  hnllets  at  a  dia- 

tance  from  the  giin  where  thev  are  discharged  with  added  energy  over  a  wide 

I  Brea  from  the  point  of  bursting.     It  bas  beeome  the  prineipal  projectile  of  ali 
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modem  field  artillerj.     It  forms  80  per  cent.  of  the  aniinuiiition  supply  of 
field  guns.    It  is  used  against  troops  in  masses  and  material  as  weir-  (1 ). 

^'It  is  used,  also,  in  mountain  and  siege  artillery,  and  in  the  smaller  guns 
of  sea  coast  fortifications  to  repel  land  attacks.  In  tliis  shrapnel  the  čase  is 
a  steel  tube  with  a  solid  steel  base.  The  weight  of  the  3-inch  field  gun  shrap- 
nel coraplete  is  15  pounds,  length  10  inches,  muzzle  velocitv,  1,700  f.  s.  The 
bursting  charge  is  composed  of  2%  ounces  of  black  powder  placed  in  a  cham- 
ber  at  the  base.  There  is  a  stopper  of  gun  cotton  in  the  central  tube  to  hold 
the  powder  in  plače  and  to  assist  in  the  explosion.  There  are  252  round  balb, 
flattened  on  8ix  faces,  of  .50  inch  caliber,  composed  of  lead.  The  balls  are 
surrounded  by  a  smoke-producing  matrix,  which  is  used  to  locate  the  poinf  of 
bursting.  This  shrapnel  is  said  to  be  a  man  killer  at  6,500  yards.  At  the 
latter  distance  the  shrapnel  has  a  remaining  velocitj  of  565  f.  s.  On  bursting, 
an  additional  velocitj  of  800  f.  s.  is  conferred  on  the  lead  bullets,  making  altc- 
gether  a  remaining  velocitv  of  865  f.  s.  at  0,500  yards.  The  fuse  can  be  set 
to  cause  the  projectile  to  explode  at  any  one-fifth  second  of  its  flight. 

*'The  older  shrapnels  \vere  made  up  of  a  cast-iron  čase  and  diaphragra  that 
scparated  the  balls.  The  čase  wa8  constructed  to  invite  rupture  into  a  nimi- 
ber  of  fragments.  The  bursting  charge  wa8  placed  generally  in  the  head  of 
the  projectile. 

"The  old-time  shrapnel  broke  into  a  greater  number  of  fragments,  biit  thev 
were  not  always  possessod  with  sufficient  energv  to  inflict  severe  injnrv.  The 
present  shrapnel  has  the  bursting  charge  locatod  in  its  base.  Tt  is  niade  of  a 
stout  čase,  whi(h  reiuains  intact  at  the  time  of  bursting,  except  for  the  blow- 
ing  out  of  the  head"  (2). 

Modern  Artillery. — Modern  field  artillery  is  terribly  effective,  even  at  great 
ranges.  Several  varieties  of  projectiles  are  in  cominon  use.  Common  sliell  is 
used  against  defences  to  break  them  down  and  render  an  assault  more  hopeful. 
Shrapnel  is  the  most  common  form  of  projectile  used  against  troops.  The 
only  smoke  on  the  modern  battlefield  is  made  when  these  shells,  filled  with 
powder  and  leaden  bullets,  burst,  thus  enabling  the  artillerists  to  estimate  the 
accuracv  of  their  fire,  or  the  want  of  it.  In  modem  field  operations,  artillcrv 
plavs  an  important  part,  and  is  used  massed,  and  very  freelv,  to  render  posi- 
tions  untenable  for  infantrv  or  to  silence  the  artillerv  fire  of  the  enemy  "^hile 
the  infantry  advance  by  short  rushes.  The  rapidity  of  fire  is  such  that  a 
storm  of  shells  can  be  brought  to  bear  on  a  position.  It  is  said  that  the  modem 
French  Canet  field  gim  can  be  fired  ten  times  a  minute.  At  short  ranges  canis- 
ter  was  formerlv  used,  but  it  has  been  superseded  by  shrapnel. 

Hand  Grenades. — ITand  grenades,  though  not  fired  from  cannon,  are  shelJ 
filled  with  a  bursting  charge  of  powder.  The  eflFect  of  shrapnel  and  hand 
grenades  is  much  the  same.  Wounds  are  produ ced  by  fragments  of  the  steel 
čase  and  bv  the  bullets.  The  wounds  made  by  the  bullets  themselves  do  n^^ 
diffor  essontiallv  from  those  made  bv  rifle  bullets  of  the  old  soft  lead  t^^)e  fi^" 
at  low  velocity.     Often  the  bullets  will  lodge.     The  wound8  are,  as  a  Tnle, 
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severe  and  frequently  become  infected.  Their  treatment  needs  no  especial  no- 
tice here. 

Nature  of  Woand8. — Shell  fragmenta,  the  čase  of  shrapnel  and  hand 
grenades  produce  wound8  of  a  very  varied  but  commonly  very  serious  charac- 
ter.  They  are  contused  and  lacerated  wounds  often  of  large  size,  and  to  keep 
them  from  infection  is  very  difficult — under  the  conditions  of  warfaro  practi- 
cally  impossible.  It  can  be  readily  understood  that  a  flying,  jagged  mass  of 
iron,  bcsides  producing  a  ragged  wound  surrounded  by  devitalized  tissues,  is 
apt  to  carry  with  it  into  the  wound  portions  of  clothing  or  whatever  it  may 
chance  to  pass  through  before  entering  the  body.  It  is  one  thing  to  seal  asep- 
tical]y  a  mere  puneture,  sueh  as  the  small  pointed  bullct  makes,  and  quite  an- 
other  to  protect  eflFectually  an  extensive  contused  raw  surface.  The  wound3 
produced  by  shell  fragmenta  are  often  multiple — in  naval  warfare,  commonly 
so.  Ilence  the  conditions  to  be  met  in  their  treatment  are  far  more  compli- 
cated  than  is  the  čase  with  wounds  produced  by  rifle  buUets.  In  the  worst 
cases,  where  the  victim  is  struck  by  an  unexploded  shell,  or  large  fragment, 
(lecapitation,  disembowelment,  the  loss  of  an  entire  limb,  etc.,  are  common  in- 
jurics,  or  the  front  of  the  chest  or  the  abdominal  wall  may  be  torn  away.  The 
modem  shell  breaks  into  hundreds  or  thousands  of  fragmenta,  and  a  hundred 
\vounds  have  been  observed  in  one  individual.  Some  of  the  fragments  are 
minute,  and  the  wound8  produced  may,  therefore,  be  of  any  grade  of  severi ty, 
from  a  mere  scratch  to  instant  death.  In  wounds  characterized  bv  extensive 
loss  of  substance  and  contusion  of  the  adjacent  tissues  shock  is  frequent  and 
usually  severe.  In  fact,  many  shell  wound8  closely  resemble  the  extensive^ 
contused,  and  lacerated  compound  fractures  seen  in  civil  life  as  the  result  of 
machinerv  accidents,  dynamite  eiplosions,  and  the  like. 

Treatment. — The  so-called  "shell-wound  first  aid  packet,"  and  the  "Stokes' 
shell  wound  dressing,"  fumished  to  the  navy,  which  contain  a  large  aseptic 
absorbcnt  dressing  with  a  wire  netting  basis  for  support  and  immobilization, 
are  better  first  aid  dressings  for  this  class  of  injury  than  the  simple  pad  and 
bandage  fumished  to  the  infantry  of  the  line. 

Of  ali  the  local  applications  to  wound  surfaces,  in  the  probably  infected, 
contused,  and  lacerated  wounds  of  civil  life,  nothing  compares  with  tincture  of 
iodin  liberallj  swabbed  into  every  oraok,  crevice,  and  comer  of  the  raw  surface. 
Its  irritating  effects  are  insignificant  and  it  is  a  really  efficient  disinfectant. 
It  does  not  even  interfere  with  primary  union  when  used  on  well-nourished 
tissue,  such  as  the  scalp  and  face.    Any  excess  should  be  wiped  away. 

Since  shell  wounds  are  more  or  less  contused,  the  bleeding  from  small  ves- 

sels  is  usually  not  so  severe  as  in  incised  wounds.     If  a  large  vessel  is  cut, 

bleeding  will  be  profuse  and  often  fatal.    Large  shell  wounds  of  the  extremi- 

ties  resemble  railway  crushes  and  machinery  accidents.    They  will  often  le- 

quire  amputation.    If  an  attempt  is  made  to  lave  the  linib^  ahiedded  and  evi- 

dently  dead  tissues  are  out  vm  »  W0imd 

cleaned  as  thoroughljr  as 
44 


line  of  demarcation  to  form.  The  after-eare  of  these  cases  ia  tbat  of  infecteJ 
wouiid8  iu  general. 

See  ('hapter  on  tbe  treatnieiit  of  infected  wound8,  Volume  I. 

In  smaller  shelt  woiiiid8  where  sitppiiratioii  persists,  useptic  exploration  is 
indicated  fop  the  removat  of  a  shell  fragment,  a  piece  of  cloth,  or  other  foreigii 
body,  as  wel]  as  for  diainfection  and  drainage.  The  X-rays  will  deteet  tlie 
preaence  and  location  of  a  piece  of  metal,  if  aueli  is  preaeut.  Aa  in  aiinilnr 
injuries  oliaervcd  in  civil  life,  the  more  gravc  ahell  -vvonnda  reqnire,  iirat,  trcal 
ment  for  shock  and  hleeding.  Abundance  of  water  ahould  be  introdnced  iuto 
the  sjatem  by  eiicma,  snbciitaneoualv,  bv  tbe  Murphy  irrigation,  or  into  a 
veiu.  Warmth,  reat,  immobilization,  and  tlie  otber  eoramou  mcaaures  are  useJ. 
Theae  patienta  ahould  not  be  transported  while  in  shock,  if  it  ia  poaaible  to 
avoid  it.  No  aerioua  aurgical  procedure,  except  tbe  control  of  bleeding,  ebould 
be  undertaken  until  the  patient  haa  eraerged  from  shock.  If  he  must  be  moved. 
tbe  removal  ahould  be  delaved,  if  poaaible,  until  be  haa  reaeted  to  some  de- 
greo,  the  wonnd  bas  been  trleansetl  anil  dreascd,  and  the  Hrab  or  bodv  iinuio- 
bilized.  Too  much  streas  cannot  be  laid  upon  the  importance  of  sacb  imiiif- 
bilization.  One  of  the  loiig  bonea  may  bave  l*een  injurcd,  but  not  coinplelelv 
fractnred.  If  tbe  entire  extremity  ia  inimobilized,  a  complete  fractiire  majbe 
avoided.  Witbout  sucb  immobilization,  transportation  of  tbe  patient  ufcr 
rougb  roada  will  probablj  render  the  fracture  completa 
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Conditions  Snrii:^  Engagement.— W)ioever  haa  gone  over  a  modem  blttle- 
ship  and  kept  hia  ejea  even  half  open  must  have  realized  that  in  action  i^' 
vounded,  while  tbe  battle  lasts,  must  of  necessity  receive  but  scant  attention- 
To  paas  from  one  eompartraent  of  tbe  ship  to  another  may  be  a  phjsicai  va- 
possibility.  The  crew  are,  of  uece3aity,  confined  in  coffera  of  masaive  atcel,  W 
open  which  might  imperil  the  entire  ahip.  To  get  from  a  turrct  magaziue  I" 
the  open  air,  even  in  tirne  of  peaee,  one  must  climb  a  vertical  iron  ladderpcr^ 
haps  76  feet  higb,  and  tbence  paas  througb  a  small  hole  in  tbe  bottom  of  u'* 
tnrret  and  desccnd  by  an  iron  ladclcr  to  tbe  deck.  Communication  tlrougii 
tbe  bowels  of  the  ship  can  only  be  curried  on  bj  tbe  telephone,  electric  aignils. 
or  a  speaking  tube.  At  the  time  of  going  into  action,  the  crew,  in  groups "' 
varying  aize,  are  confined,  each  group  in  its  own  coropartment,  the  steel  iloo" 
are  closed,  and  tbere  tbe  men  must  remain  so  long  aa  the  battle  lasta.  To  op*" 
auch  a  compartment  during  the  aetiou  might  plaee  tbe  entire  ahip  in  scnon- 
peril.  Tboae  working  in  the  engine  and  fire  rooma  are  fairlv  protected  (f>'" 
gim  fire,  but  not  from  torpedo  attack,  minea  or  internal  esploaions.  -'V  "'"'''' 
sbell  may,  of  eourse,  drop  to  tbe  bottom  of  tbe  ahip  and  burst ;  but  thia  »""I'  ■* 
rare.  The  men  in  the  several  coropartmenta  are  aa  effeetuall;  shiit  ui  '"^ 
eacape  as  thougb  buried  in  a  ateel  coffin  underground.     The  superetnictort  *^ 


"■«econdary  batterv  cannot  be  protected  from  the  mighty  ahock  of  the  heaviest 
'  of  modem  gims.  One  sheil  from  a  1-t-inch  gun,  or  even  a  miich  smaller  one, 
fl3Cploding  in  one  of  tliese  more  lightlj  armored  parta  of  a  ship  may  kili  every 
<,maii  in  the  compartment.  Tliose  not  killcd  by  tl,ving  fragmenta  mav  lic  pui- 
•ifloned  by  the  fumes  and  gases  of  the  powder  (CO  and  NO^),  ecalded  to  death 

b,'  stcam  from  broken  pipes,  or  biirned,  The  sbip  may  be  aet  ou  fire  and  the 
liole  compartment  turned  into  a  scrap  heap  in  a  moment.  Thus,  in  one  oE 
jlttie  battles  of  the  Rusaian-Japanese  War  a  ehell  entered  the  sick  bay  of  one  of 
i|'tiie  Russiaii  ships  and  exploded.  The  surgeona  and  others  who  were  there 
''■atteuding  to  the  wounded  wero  killed  to  a  man,  and  the  entire  compartment 
;wrecked.  For  siich  reasons,  at  the  present  tirne  no  attempt  will  be  niade  in 
Itbattle  to  use  the  r^iilar  hospital  conipartments  of  the  ship,  which  for  hvgienic 
['TeBsons  aro  alway8  above  the  water  liue.  Everything  will  be  transported  lie- 
[.low  the  vvater  lino  and  behind  the  heavieat  armor.  In  action  between  battle- 
ilahips  in  the  daytime  the  aecondary  batteries  will  not  be  manned,  ainco  at.  the 
jjgreat  rangea  of  the  big  guna  the  former  wouId  be  ineffective,  being  only  useful 
l^for  repelling  torpedo  attack,  and  the  like.  Indeed,  whcn  a  battleship  goes  into 
^action,  not  more  than  8ix  or  eight  men  will  be  exposed  outside  the  armor. 
'These  will  be  the  men  in  the  tops,  one  or  two  ofEcers,  and  a  few  men  whosc 
ilusinesB  it  is  to  determine  the  rangea  and  the  effect  of  the  fire.  The  extreine 
Tange  of  a  1-4-inch  gim  ia  aboiit  14  milea ;  at  8  or  9  milea  it  can  bc  fircd  rapidlv 
»nd  accurately  at  a  moving  target. 

Just  what  tho  next  naval  battlo  betvveen  the  dreadnaiiglits  and  the  aiiper- 
idrcadnaiights  of  to-day  niav  he  like  no  man  know8,  bnt  that  it  will  be  terrible 
litere  can  be  no  doubt.  The  aetion  will  probably  not  laat  more  than  twenty 
'ininutes  or  half  an  hour.  It  ia  now  posaible  to  fire  even  tho  largeat  gnns  with 
^ireat  rapiditv,  so  that  a  perfect  hail  of  monatroua  projectiles  will  fall  npon 
that  ship  which  fails  to  get  the  range  of  ita  antagoniat, 

Treatment  Dnring  En^gements. — Diiriiig  an  engagement  then,  the 
■WOunded,  no  matter  how  elaborate  the  preparations  may  be  for  their  čare  at 
'other  timea,  mnat,  for  the  moat  part,  lie  wbere  they  fall,  Certain  prceautions, 
|iowever,  may  be  taken.  Firat-aid  dresaings  in  abnndanco  may  bo  distributed 
St  varions  atations,  and  tho  men  niay  be  madc  to  bathc  and  put  on  clean  cloth- 
ing  before  going  into  action.  Silita  of  aterilc  imderclolhing  shonld  bo  dia- 
tributed  to  the  entire  peraonnel  of  the  ahip,  and  outcr  clothing  ebould  be  clean 
or  as  neariv  ao  as  poaaihle,  and  the  amalleat  amount  of  clothing  should  bo  wom. 
Zd  hot  climates,  and  in  encloaed  parta  of  the  ahip,  the  men  fight,  aa  a  rnle,  as 
neariv  naked  aa  may  be.  Plentifnl  snpplies  of  cold  drinking  water  shonld  be 
placcd  in  every  compartment,  and  a  bncket  of  borie  acid  with  abaorbcnt  cotton 
for  batbing  the  eye8  irritated  by  powder  gaaes.  Suoh  a  bncket  shonld  be  placed 
^ear  each  gim;  alao  plenty  of  dreaainga,  spHnts.  lodin  solution,  adhcsive  stripa, 
etc,  shonld  bo  close  at  hand.  witb  a  nurse  or  orderiv  to  applv  them.  In  the 
newe«t  shipa  the  effort  bas  been  msiile  to  provide  atations,  more  or  leaa  pro- 
leoted  from  fire,  and  accessible  in  a  definite  area  to  a  certain  proportion  of  the 
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Bhip'3  companv  during  action.  These  stations  nifly  be  of  tliree  kmds,  or, 
ratber,  may  be  arrangetl  in  three  groups.  At  least  two  stations,  fore  and  a(t. 
Bhould  be  placed  wiHiin  the  citadel,  or  beneatb  tbe  water  line,  bebiiid  tiiie>l 
coal  buiikers,  Here,  iieceasary  operatioiis  for  the  control  o£  bleediDg  ma^  be 
performed,  aiid  dressinga  may  be  applied.  These  spaces  may  be  (jiiite  iarf,t, 
and  woiild  offcr  protoction  to  a  largo  number  of  wounded.  In  each,  bolh  hot 
and  cold  water  eaii  be  had.  Several  secondarj  stations  shoiild  be  establialied 
in  lesa  protocted  positions,  where  fii-st-aid  dressinga,  tourniqiiet3,  etc,  maj  be 
applied,  and  when  it  is  neee8sary  to  man  the  8econdary  battery,  dreasingB, 
water,  boric  acid  aolution  sbould,  as  already  atated,  be  kept  in  the  vicinitj  of 
each  gun.  Provision  niiist  also  be  raade  for  the  teniporary  diaposal  of  the  deaii, 
aiiice  the  sight  of  their  mangled  bodies  must  be  terribly  dcpreasing  to  the  ollier 
members  of  the  crew.  Empty  coal  bunkers  may  be  used  for  tbia  purpose. 
Blood  shoiild  l>e  cleared  away  at  the  earliest  posaible  moment,  since  it  soon 
putretiea  and  emita  a  horrible,  cadaveric  odor.  \Mien  men  can  be  moveJ 
witbin  the  ahip  to  dressing  stations,  or  to  placcs  of  greater  8afety  during  action, 
it  bas  been  found  that  one  or  two  men,  vvithout  aiiy  apparatus,  can  carrr  a 
woim(]ed  companiou  throiigb  tbe  narrovv  spaces  on  shipboard  better  tLan  in 
any  other  way.  If  a  wouiided  meniber  of  the  crew  is  to  be  carried  by  one  com- 
panion,  be  may  take  bim  on  hia  back;  if  by  two,  thcy  niay  niako  a  cliairwitli 
their  arma  and  haiids.  The  battle  over,  the  8everely  ■vrounded  muat  be  trans- 
portcd  to  hoapital  shlps  at  once. 

Natnre  of  Wounds  Reoeived.— In  naval  vvarfare,  espeditiona  are  often  eenl 
aahoro  iu  boata  for  special  duty.  Under  sneli  circumstances  they  fight  with 
riHes,  and  iuay  be  wounded  by  rifle  fire  or  field  artillery.  These  wounds  will 
be  the  aame  as  are  obaerved  in  land  warfare. 

In  fighta  at  sea,  the  wouods  will  nearly  ali  bo  cauaed  by  sbell  fire,  and  bf 
the  secondary  missilea  which  esploding  ahells  create  f  rom  the  atrueture  of  the 
ship  itself. 

From  the  aizo  and  terrific  force  of  tbe  projectilea  and  the  havoc  created 
when  they  penetrate  and  esplode  within  the  ahip's  atrueture,  it  will  folloff  that 
maay  of  the  injured  will  be  killed  outright,  bumed  to  death,  smothered,  torn 
to  pieces,  deeapitated,  eut  in  two,  have  their  limba  aniputated.  In  fact,  nhnle 
gronpa  of  men  are  often  annihilated  in  an  instant  by  a  single  sbell  of  ewn 
moderate  size.  The  victory  will  be  gained  by  the  ahip  that  in  the  ahortest  tlnip 
poiirs  the  heaviest  fire  into  the  enemy,  and  the  conquered  vessel  may  be  Uterslb* 
torn  to  pieces  in  a  few  minutea,  aoon  after  her  victorioua  adver3ary  gets  the 
range. 

The  wound8  of  tbe  injured  v^ho  survive  win  uauallv  be  multiple.  They 
will  ali  bo  contused  and  laeerated  wound8.  Moreover.  the  beat  from  iinpaf' 
and  from  the  burning  charge  of  powder  makes  the  fragmenta  nearlv  red^h"'' 
BO  that  the  tissuea  are  aeared  and  devitalized.  Tbe  burning  pow<lcr  inav  a'*" 
inflict  acrious  or  fatal  burna  of  the  skin,  and  if,  as  sometimes  happens,  a  qi'*"' 
tity  of  ammunition  is  lying  near  by  and  is  exploded,  ali  the  men  in  a  iW- 
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partment  may  be  bumed  to  death;  in  fact,  these  bums  are  among  the  most 
freqiient  and  painful  injuries  received  in  modem  naval  engagements.  An 
iinexploded  shell  of  large  size  may  destroj  the  human  body,  or  cut  off  the  head 
or  a  Hmb. 

Ampntations. — If  a  limb  is  cut  off,  the  stump  may  be  fairly  smooth.  The 
far  side  of  the  stump  may  be  filled  with  bone  dust,  and  the  skin  and  muscles 
shredded,  contused  and  tom,  but  if  the  missile  was  moving  at  high  veloeitv, 
the  bone  will  be  cut  quite  eleanly,  without  much  splintering.  If  the  shell  wa8 
moving  8lowly,  the  splintering  of  bone  will  be  more  marked,  and  the  contusion 
and  laceration  of  the  soft  parts  more  widespread.  If  extensivo,  reamputation 
will  be  required,  but  not  neeessarily  a  formal  amputation  at  onee.  These 
cases  resemble  closely  the  aceident  cases  seen  almost  daily  in  large  metropoli- 
tan  hospitals:  machinery  accidents,  erushes  of  limbs  from  loeomotives  and 
trolley  cars,  elevator  aeeidents,  and  the  other  numerous  forms  of  violence 
which  take  their  toll  of  human  life  among  the  dwellers  in  a  great  eity.  A  long 
experience  with  such  cases  teaehes  that  it  is  well  in  the  first  instance  to  proceed 
as  follows: 

First,  wrap  the  body  in  heated  blankets. 

Second,  stop  bleeding  by  ligation  of  bleeding  points  at  onee. 

Third,  trcat  shock  by  intravenous  saline  infusion,  .9  of  1  per  cent.  in  strength,  at 
a  temperature  in  the  hand  irrigator  of  118  degrees  F.,  using  any  convenient,  sub- 
cutaiieous  vein,  the  median  basilic  vein  in  the  bend  of  the  elbow,  for  choice.  In 
amount,  the  infusion  may  be  from  1,000  to  2,000  c.  c,  or  it  may  be  continued  until 
the  volume  of  the  pulse  is  plainly  increased  and  its  frequenoy  diminished.  If  3,000 
C.  C.  is  given,  because  less  produces  no  improvement,  the  patient  will  die. 

IIypodcrmocly8is  is  simpler  and  efficient. 

At  the  same  time,  a  hot,  stimulating  enema  is  given,  which  consists  of 

]^     Extract  of  coffee 5ii 

Tincture  of  digitalis TTlx 

Whiskey  J^i 

Hot  water ^ir 

We  also  administer  beneath  the  skin  sulphate  of  strychniny  1/30  grain. 
This  may  be  repeated  onee.     Morphin  sulphate  is  also  useful  in  the  dose  of 
about  one-third  of  a  grain  and  atropin  sulphate  up  to  about  1/50  grain.    Cam- 
phor  dissolved  in  sterile  olive  oil  is  a  useful  subcutaneous  stimulant     The 
wound  may  be  washed  and  disinfected  as  elsewhere  described,  and  dead  tissues 
cut  away.     A  large  dressing  of  loosely  shaken  gauze  is  applied  finnly  to  the 
raw  surface  of  the  stump,  and  a  large  sterile  dressing  over  that    A  aplint  of 
wood,  wire  netting,  or  moulded  plaster-of-Paris,  aooording  to  the  site  of  the 
injury,  sccurcs  immobilization.    These  variouB  measorai  dm* 
as  rapidly  as  may  be,  and  the  patient  placed  in  a  b« 
f  oot  of  the  bed  should  be  elevated,  and  in  a& 
started.    The  question  of  further  operative 
ing  to  the  conditions  of  the  particular 
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until  the  patient  bas  eiitirely  reaeted  froni  ahock.  To  perform  a  serious  ampu 
tation  upon  a  uian  in  a  state  of  profound  depression  f rom  a  recciit  iiijur_v  ia  lo 
kili  iiim  withoiit  fail.  Every  lueans  alionld  be  used  to  rcfill  the  deplctcd  eircu 
latioii.  If  a  dunor  offere,  blood  Iraiisfnsioii  iiiav  save  a  life,  FailiDg  tliis 
method,  water  muat  take  its  plače,  and  the  Murphy  drop  niethod  is  usuallv 
the  most  eflicient  means  to  tbis  cud.  Strychniii  and  other  heart  stimulauti 
niay  be  given  at  intervala  as  long  as  tlie  patient  reniains  depressed,  and  liot 
liqnid  food  shonld  be  giveu  in  small  and  often  repeatcd  doses  as  soon  as  the 
stomach  wili  retaiu  it,  The  natnre  of  tbe  operation  to  be  done  muat  be  deeideJ 
by  the  snrgeon  after  the  patient  has  entirelv  emerged  from  shock.  Since  these 
wound8  are  alwayg  infected,  tbe  cbaracter  of  the  infection  and  tbe  severitj  of 
the  septic  and  sapremie  Byniptoms  miist  be  taken  into  acoount,  as  well  as  ite 
poaition  and  cbaracter  o£  the  wound.  Somelinies  the  anrgeon  inay  wait  with 
advantage  until  the  woiin(J  haa  cleaned  iip  and  comraenced  to  granulate.  In 
other  caaea,  a  apreading  infection,  with  severe  aymptoms  of  intoxieatioii  or  tlie 
preaence  of  a  cadaveric  odor  from  the  wound,  will  demand  early  interfereiici;. 
Thia  may  be  in  the  nature  of  wide  mnltiple  inciaions,  or  anipntation  above 
the  infected  area.  if  thia  be  pnasible,  ieaving  the  atiimp  snfficientlv  open  for 
tbe  freeat  drainage.  No  fixed  rnlea  ean  be  formulated  for  the  cbaracter  of  tbe 
anipntation.  It  vvill  often  be  aty]iical  and  deviaed  to  aave  tbe  greateat  amouiit 
of  tiasue  and  aecure  tbe  most  uaeful  atump.  Aa  elsevrhere  stated,  conservatiam 
is  most  important  in  the  npper  extremity,  less  so  in  the  lower. 

Shock. — Some  additional  remarks  in  regard  to  shock  as  observed  in  dstsI 
engagements  are  bprc  addcd.  In  tbe  čare  of  the  injured,  shock  will  often  be 
tbe  all-important  condition  to  combat.  The  effect  upon  the  norvoua  aj-stcm  of 
the  men,  of  the  awful  din,  the  jar  and  vibration,  the  intenae  nervous  straini 
the  amoke  and  the  atifling  fumes  from  tbe  gnns  and  bnrsting  shelts,  the  criea  of 
tbe  biinied  and  wonnded  men,  and,  in  fact,  every  horror  of  a  positive  iiifemo. 
with  mucb  in  addition  never  dreamed  of  by  any  meditcval  iraaginer  of  Ilell. 
ia  terribly  demoralizing.  and  yet  the  effecta  upon  the  wonnded  vary  muebwitli 
tbe  temperament  of  tbe  individnal.  If  tbe  ahip  is  pnniabing  the  enemv  Me 
she  herself  ia  suffering  lesa,  the  intense  elation  of  špirit  mav  enable  a  man '" 
receive  tbe  gravest  hurt  and  jet  sbow  few  aj-mptoms  of  shock  for  hoiira;'" 
otber  cases,  tbe  wourided  become  delirioua ;  in  others,  even  the  bravest  are  over 
eomo  by  nricontrollable  fear,  and  are  rendered  weak  and  borror-atrieken  to  » 
pitiable  degree. 

Čare  on  Board  Battleship. — It  Is  the  aim  of  the  bospital  ship  to  remove  and 
čare  for  aH  wbo  are  serioiistv  biirt  aa  soon  aa  tbe  hattle  is  over.  In  them«!"' 
time  the  Bliip'8  surgeon  niay  do  mnch  to  lelieve  snffering  and  aid  the  woanded. 
If  tbe  operating  room  and  sick  bav  are  not  destroyed,  tbey  are,  of  course,  m- 
valuable  after  tbe  action  ia  over;  but  placed,  aa  thev  are.  in  lesa  hes™}' 
armored  parts  of  tbe  ship,  tbey  must  often  be  destroved.  It  has  beea  s"? 
geatod  thiit  on  shipboard  local  anesthcaia  and  spinal  auestheaia  ahould.  as  fi"' 
as  possible,  take  tbe  plače  of  cbloroform,  aiid  tbis  on  severa!  grounds:  num*'.^' 
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a  sniallor  miinber  of  assistants  is  rcqiiired  in  operating;  patients  do  not  need 
so  niucli  after-care  and  attcntion,  and  they  niay  be  able  to  walk  and  carc  for 
themselvos  at  once.  1  am  not  an  advocate  of  local  anesthesia  for  serious  sur- 
gical  proeednres,  and  in  iny  experience  it  often  reqiiircs  not  one,  but  scvcral 
l^ersons,  to  liol<l  down  the  wrctched  patient.  Under  siich  circiimstanccs,  good 
surgerv  is  ditKciilt,  or  iinpossible.  Spinal  anesthesia  is  onlv  applicable  in  a 
restrictcd  way  to  operative  work,  and  is  at  best  a  dangerous  substitute  for 
chloroform.  It  has  not  been  used  in  the  New  York  Ilospital  for  a  numbcr  of 
years. 

Transportation  of  Woanded. — For  transferring  the  wounded  to  launehes, 
hospital  ships,  ctc,  special  stretchers  of  many  kinds  have  been  devised  in- 
tended  to  protect  the  wounded  from  falling  while  being  transportcd  and  from 
the  movonicnt  of  injnred  limbs.  The  best  is  probably  that  of  Stokes.  They 
eonsist  of  a  Hght  steel  frame,  with  a  covering  of  wire  netting.  In  this,  the 
patient,  however  badly  wounded,  can  easily  be  immobilized,  and  can  bc  slung 
by  a  rope  and  hoisted  or  lowcred  from  the  vessel  without  danger  of  falling  out, 
no  niatter  in  what  position  the  stretcher  may  be.  Stokes  has  devised  an  ap- 
paratus  wlicreby  the  woiinded  in  the  stretchers  may  be  transferred  from  ship 
to  ship  bv  trollcy.  These  stretchers  are  kept  in  nnmbers  in  the  U.  S.  battle- 
ships.    They  are  readily  nested,  and  occupy  but  little  space. 

Treatment. — AVhen  heavy  shells  burst,  the  fragments  are  numerous  and  of 
various  sizes,  some  largc,  some  small.     Of  the  largcr  fragments,  some  will  bo 
large  enough  to  inflict  frightful  mutilation,  a  detailed  description  of  which  is 
scarcclv  possible.     If  not  immediatoly  fatal,  the  woimds  produced,  whether 
the  fragments  are  large  or  small,  have  certain  characters  in  common.     Manv 
are  wounds  with  loss  of  substance.    The  velocity  of  the  fragments  is  not  very 
preat,  and  hence  they  often  lodge.     The  wound  of  entrance  is  often  smaller 
than  the  size  of  the  fragment.    The  walls  of  the  cavity  in  which  the  fragment 
lies  are  devitalized.    The  depth  to  which  such  necrotic  tissue  extend8  is  varia- 
ble  and  often  extensive.     Its  limits  cannot  be  determined  from  early  inspec- 
tion.    Fracturos  may  or  mav  not  exist.    Hair,  clothing,  dirt  and  othcr  foreign 
bodios  are  often  carried  into  the  depths  of  the  wound.     When  wound8,  with 
loss  of  substance,  are  made  by  large  fragments,  they  are  often  terrible  injuries. 
A  large  part  of  the  abdominal  wall  may  be  carried  away,  and  the  visoera  tom 
and  contusod.    The  loss  of  a  large  part  of  the  chest  wall  is  another  fatal  in- 
jurv.    The  outer  wall  of  the  orbit  may  be  tom  away,  leaving  the  ejreball  « 
poscd.     The  lo\vor  half  of  the  face,  inchiding  the  lower  jaw,  maj 
away,  loavina  a  hidoous  mutilation,  or  a  portion  of  the  sknll  mur 
away,  loaving  tho  brain  exposcd.     There  is,  indeed,  no  end  to 
variotv  of  thosc*  inutilating  injuries. 

In  ali  blind  wounds,  tho  indications  are  to  rcmovo  shell  fragn 
othor  foroiirii  bodios,  tlirougli  a  suitablo  incision,  to  clean  and 
walls  of  the  w()und  cavitv,  to  stop  blcoding  and  to  establish  the  fk 
drainage.     Such  wounds  should  not,  as  a  rule,  be  sutured;  yei 
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regions,  the  face  and  scalp,  for  eKample,  the  wound  edges  may  be  drawn  partij 
together,  and,  even  in  less  vascular  regions,  a  suture  or  two,  here  and  there, 
may  be  used  to  siipport  the  tissues.  Siich  wounds  should  be  packed  with  sterilc 
gauze,  or,  if  evidentlj  infected  or  widely  necrotie,  they  mav  be  packed  with 
gauze,  soaked  in  Chlumsky'8  solution.  Voluminous  absorbent  dressings  are 
reqiiired,  and  such  dressings  require  frequent  renewal.  If  the  wound  be  of  an 
extremity,  some  form  of  supporting  and  immobilizing  splint  is  necessarj,  and 
the  entire  limb  should  be  immobilized.  The  subsequent  treatment  will  depend 
upon  the  character  and  severity  of  the  infection,  and  upon  the  extent  of  slou^- 
ing  of  the  skin  and  deeper  stnietures.  Drainage  must  be  of  the  freest  descrip- 
tion.  Poeketing,  burrowing,  and  tension  must  be  relieved  by  free  cuts,  and  the 
ease  must  be  most  carefully  watched  for  such  insidious  complications. 

When  such  wounds  have  cleaned  up,  skin  grafting  by  Thiersch^s  method 
greatly  hastens  healing,  and  diminishes  scar  tissue  formation,  deformitv,  and 
loss  of  function.  Concerning  the  treatment  of  shell  wound8  of  special  regions, 
the  principles  of  their  treatment  are  those  already  briefly  deseribed.  They  are 
ali  lacerated  and  almost  invariably  infected  wound8. 

Injury  to  the  Ear. — Rupture  of  the  tympanic  membrane  is  a  frcquent  ac- 
cident.     It  is  caused  by  the  sudden  blast  of  air  from  exploding  shells  and  the 
glin  firo  of  the  ship  itself .  In  addition,  a  permanent  gun  deafness  occurs  in  cer 
tain  casos  from  repeated  shocks  to  the  auditory  nerve.    Prevention  is,  therefore, 
all-iniportant.  The  shocks  can  be  made  less  dangerous  by  various  devices.  Ordi- 
nari]y  the  ears  may  be  plugged  with  cotton  wool.    A  more  efficient  device  now 
in  uso  in  the  United  States  Navy  is  that  of  Elliott.    It  consists  of  a  small  tube 
with  rubber  washer8  of  a  size  suitable  to  fit  the  extemal  auditory  canal.   The 
tube  is  perforated  by  a  minute  canal,  sufficiently  large  for  hearing  purposes, 
but  small  enough  to  protect  against  the  sudden  increase  of  atmospheric  pres- 
suro.     The  men  mav  wear  rubber-soled  shoes,  and  are  advised  to  stand  on  tip- 
toe  at  the  moment  of  gun  fire.     Rupture  of  the  tympanum  is,  nevertheless,  a 
verv  frcquent  aceident.     The  men,  not  realizing  the  danger,  think  it  unmanlv 
to  lise  precautions  and  suffer  in  consequence.     The  aceident  is,  however,  only 
serious  \vlH'n  it  becomes  infected.     Theoretically,  before  going  into  action,  the 
men  slionld  have  their  ears  washed  clean  with  warm  boric-acid  solution,  and  the 
cars  pluirirod  \vith  sterile  cotton  wool.    Their  prejudice  against  plugging  of  the 
ears  is  quite  natural,  since  it  is  all-important  that  they  should  hear  and  ans^er 
instantlv  to  the  word  of  command,  and  this  is  hard  enough  to  do  under  the  con- 
ditions,  even  with  perfect  hearing. 
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CHAPTEE   XVI 

THE   TREATMBNT    OF    WOUNDS    AND   THEIR    DISEASES 

James  M.  Hitzbot 

The  effect  of  mechanical  violence  is  to  produce  some  form  of  injury  to  the 
tissues  it  acts  upon.  Depending  upon  the  nature  and  force  of  this  violence  and 
of  the  presence  of  various  ehemicals^  of  a  specific  virus,  or  of  bacteria,  the 
changes  whieh  occur  require  variable  forms  of  treatment. 

To  faeilitate  the  description  of  the  treatment  to  be  used,  a  classification  is 
appended  merely  to  serve  as  a  working  basis  for  discussion. 

The  constitutional  effects  of  injury,  shock,  collapse,  and  sjneope  are  treated 
el8ewhere  in  this  work,  and  will  only  be  spoken  of  here  when  mention  of  the 
treatment  would  otherwise  be  incomplete. 

The  elassifieation  of  wounds  is  as  follows : 

1.  Subcutaneous  wounds   (contusions). 

2.  Open  wounds. 

(a)  Abrasions. 

(b)  Incised  wound8:    Linear  and  punetured. 

(c)  Contused  and  lacerated  wound8. 

3.  Gunshot  wounds  (for  description  of  treatment,  see  Vol.  I,  Chap.  XV). 
The  open  wounds  may  be: 

1.  Penetrating. 

2.  Perforating. 

3.  Poisoned  or  infected. 

A.  Non-bacterial,  i.  e.,  those  in  which  the  resulting  8ymptom8  are  due  to : 

1.  A  definite  chemical  poison. 

a.  Insect  bites  and  stings. 

b.  Bites  of  reptiles. 
C  Poisoned  weapons. 

2.  A  specifio  virus. 

a,  Hydrophobia. 

b.  Vaccination. 

B.  Due  to  bacterial  invasion,  i.  e.,  the  infectious  wound  diseases. 

1.     Group  of  the  ordinary  wound  infections  in  wliich  the  infection  in 
the  wound  may  cause : 
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a.  Abscess  formation  (infected  wound). 

b.  L;yTnphangitis  or  lymphadenitis. 
C.  Cellulitis  (including  erjsipelas). 

d.  Varying  type8  of  blood  infection  (bacteriemia)  and  the  metastatic 
infections  (pyemia). 

2.  Putrefactive  infections. 

3.  Grotip  of  wound  infections  due  to  specific  micro-organisms. 

(a)  Tetanus. 

(b)  Wound  diphtheria, 

(c)  Anthrax. 

(d)  Glanders. 

(e)  Tuberculosis. 

(f)  Syphilis. 

(g)  Actinomyco8i8. 
(h)  Blastomyco8is. 


SUBCUTANEOnS   WOnNDS    (CONTUSIONS) 

The  eflFect  of  blunt  violence  which  does  not  break  the  skin  is  to  injure  the 
skin  and  iinderlving  structures.  The  extent,  force,  and  location  of  the  violence 
will  dctermine  the  result. 

For  injuries  to  the  head,  see  Vol.  II,  Chaps.  IX  and  X;  to  the  chest,  see 
Vol.  III,  Chap.  XI;  to  the  abdomen,  see  Vol.  III;  to  the  eye,  see  Vol.  HI, 
(^lap.  I;  to  the  nerves  and  blood-vessels,  see  Vol.  I,  Chaps.  VIII  and  SIII; 
to  tlie  bonos,  see  Vol.  IT,  Chap.  V.    These  will  not  bc  considered  here. 

In  ^riK^ral,  the  result  of  such  bhint  violence  on  the  tissues  is  to  produce 
capillarv  hoinorrluige  and  an  exiidative  reaction  in  the  tissues  far  beyon(i  the 
injurv.  'J1iis  luMiiorrhage  and  the  exudative  reaction  are  best  treated  bvcold 
applications,  prefcrably  by  an  ice-bag  placed  npon  a  few  thicknesses  of  moist 
gaiize.  The  sooiicr  this  cold  is  applied,  the  less  marked  will  be  the  tissue  reac- 
tion. The  cold  applications  should  be  applied  frora  12  to  24  hours,  depending 
npon  the  d(\«!:roc  of  reaction  to  be  anticipated,  and  applied  over  an  area  at  least 
1]  tiiiios  tlic  size  of  the  contusion.  Čare  should  be  taken  not  to  have  the  cold  too 
intense,  as  othervvise  the  skin  may  undergo  a  dry  gangrene.  To  prevent  this 
latter  c()nipli(»ation,  it  is  wise  to  move  the  bag  every  few  minutes,  so  thatits 
action  is  \vidcspread  without  being  too  definitely  localized. 

In  places  \vlicre  it  is  applicable  (joints,  extremities) ,  a  tight  bandage  pos" 
scssiuir  souie  elasticitv  will  aid  in  prevcnting  the  exudate.  Elevation  of  the 
part  \vill  aiso  holp. 

As  soon  as  the  exudative  reaction  has  ceased,  hot  moist  applications  shoM 
be  used,  followod  by  massage  to  help  carry  off  the  extrava8ated  blood  and  the 
exudate. 

Should  a  heniatoma  form,  which  cannot  be  dissipated  by  the  above  methodj 
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I  it  should  be  opened  under  strict  aseptic  precaiitiona  and  tlie  blood  vraahed  out 
jvith  saline  aolution,  the  cavity  dried,  ftnd  the  woiind  closed  by  sntiire.  A  tight 
jlMitidage  is  then  applied,  to  briiig  tbe  wall8  of  the  cavity  in  elose  contact.  As- 
piration  and  small  pnnctiires  of  sneb  bcmatoraa,  with  or  witboiit  draiiiage,  are 
more  likelv  to  bccome  infected  tban  is  tbe  čase  in  the  above-ineiitioned  metbod, 
and  for  that  reason  are  not  reeoiumended. 


OPEN   WOUNDS 

Abraiioni, — Abraaions  may  consiat  in  emall  areaa  in  vhich  tbe  superficial 
layer8  of  tbe  akin  are  scraped  ofT,  or  in  more  or  lesa  estenaive  akin  abrasions 
^into  wbicb  are  ground  cinders,  stone,  3and,  and  otber  forrna  of  grit  and  dirt. 
The  former  ahould  be  paintod  witb  iodin  and  «3overed  witb  a  sterile  dressing 
■nntil  a  Bcab  forma,  after  which  simple  protectioii  is  ali  tbat  ia  easential.  In 
tbe  latter,  tbe  area  ahould  be  painted  witb  tincture  of  iodin  and  tbe  grit,  etc, 
removed  by  scnibbing  it  witb  a  acrubbiug  bmsh  and  alcohol,  after  which  it  niay 
be  dreseed  with  alcohol  to  baatcn  scab  formation.  After  tbe  acab  liaa  fu]ly 
formed,  the  area  may  then  be  covered  by  aonie  bland  greaae  (I.iq.  Pctrolatiim 

P-  ^-  ^-i- 

I  Should  snppuration  oceur  nnder  the  scabs,  moiat  dreaainga  of  warm  saline 
IBoliition  win  hasten  tbe  bealing  proceaa. 

j  Inoised  Wounds. — LTNEAB  W0UND8.— Linear  wounds  eouiprise  a  mimber  of 
^oiinds  of  varyiug  deptb,  froin  thoae  which  merely  pasa  throiigh  tbe  akin  to 
Meep  wounds  to  the  bone,  wbicli  sever  al!  the  intennediatc  soft  parta  and  fre- 

F'ntly  cut  off  a  fragment  of  bone  or  aetua!ly  pasa  tbrongh  it,  and,  in  tbe  amall 
reraitiea,  sometimea  aetually  sever  it  from  the  patient, 
FiBST  Aid. — For  the  aimple  wounda  a  clean  dreaaing,   with   or  without 
ictiire  of  iodin  painted  over  the  injured  area,  will  sufliee  until  the  more  com- 
te  treatment  can  be  carried  out. 

In  the  larger  inciaed  wound8  tbe  first  esaential  ia  to  eontrol  the  bleeding, 
ich  ia  free  and  rapid.  The  bemorrbage  may  be  controlled  by  elevation  in 
extremitiea,  by  a  tourniquet,  by  digital  eompreaaion,  or,  wbere  these  do  not 
by  hemostats.  After  the  hemorrhage  is  temporarilv  arrested,  the  akin 
aav  be  painted  witb  iodin  and  covered  by  aterile  dreaaing,  or  a  aterile 
■aaing  may  be  firmly  boiind  over  tbe  wound  to  proteet  it. 
Lateb  Treatment. — -In  any  caac,  tbe  interference  nnder  improper  aur- 
ndings  abonid  onlv  bo  aufficient  to  proteet  the  wound  until  the  patient  can 
bronght  into  anrroundings  auitablo  for  proper  treatment.  Wheu  tbe  patient 
been  brought  into  auitable  anrroundinga,  ali  bair  ahould  be  removed  by 
iBving.  Grpaso  should  be  removed  by  wiping  witb  gaaoline.  tben  witb  a  mis- 
s  of  alcohol  and  etber.  When  the  slcin  ia  drv,  it  ahould  again  be  painted 
h  the  tinctnre  of  iodin. 
In  amall  cutB  the  skin  may  be  drawn  together  by  atripa  of  chiffon  painted 
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over  with  cotlodion  or  siitured  by  a  fine  needte  and  horschair  suture,  and  Biilt- 
ably  dresaed  to  protect  tlio  auture  line  bv  a  aterile  pad. 

In  tlie  more  extensive  leaiona  the  patient  ehould  be  anestlietized  (local  or 
general,  as  the  ease  mav  indicate),  tlie  wonnd  washe(l  with  aterile  aalt  aolation, 
ali  bleeding  piiinta  caught  and  tied,  aud  ali  severed  struetiires  appropriatelv 
sutured  so  tbat  tho  nonnal  anatomical  conditions  are  reprodiieed.  Tlie  skiu, 
etc,  is  tben  cloaed  in  lavera  with  fine  lioraeLair  for  the  skin,  and  tbc  wound  i9 
dressed  with  aterile  dressinga,  etc.  If  ideal  conditions  can  be  cairied  ont, 
drainage  ia  Hnnece3sary  iinleaa  the  wonnd8  involve  the  tracbea,  esophagiia,  or 
rectum,  and  rcpair  will  procced  as  in  an  operative  woiind. 

Irrigation  of  the  wound  bj  anv  fonn  of  chemical  antiaeptic  ia  to  be  coo- 
demiied.  Sbould  the  operator  doiibt  the  wiadoin  of  imniediate  oloaure,  tlie 
wound  had  better  be  left  wide  open  and  cloaed  after  reaction  has  aet  in,  ratb;r 
tban  to  rcaort  to  doubtfiil  attempta  at  chemical  sterilization,  which  are  more 
apt  to  injiire  the  tissuea  tban  to  kili  any  germs  which  may  be  preaent. 

Shoiild  infeetion  occur,  tbe  woHnd  sbould  be  widely  opened,  dreased  with 
aaline  solution,  and  kept  wet.  (For  fiirther  details,  see  Infectioua  Wound  Dis- 
eaacs. ) 

PUNCTUBED  W0UND3. — Punctiired  wo«nda  eomprise  a  group  of  woiuKi9in 
which  the  akin  opening  gives  no  idea  of  tbe  depth  of  the  wo\i!id.  PiiDCliircs 
are  pniduced  by  a  large  variety  of  implenients  and  V8ry  extenaively  in  theif 
charactcr,  for  exanipk',  pin  pricks,  uail  wonnd3,  štab  vvoiinda,  vminils  bv 
Bpicnlea  of  glasa,  iron,  etc.,  pimctured  wound8  by  insecta,  reptiles,  varioiis  fonns 
of  animal  bitea,  etc,  ali  of  whicb  may  be  found  in  thia  group.  UndoubWH' 
a  large  number  of  the  niinor  puncture  wounds  never  reqiiire  surgical  treatnient, 
but  a  anffieient  number  reauH  in  infeetions  of  varying  extent  to  make  it  vcisct-i 
tako  precautions  in  ali.  Infeetions  froni  these  small  pricks  will  dooreasfi  in 
number  if  the  area  inrolved  is  painted  with  tincture  of  iodin  and  tcmporarib 
protected  by  an  aleobol  dressing.  Ali  other  puncture  wound3  ahoiild  be  ^u- 
verted  into  ineiaed  wounda  and  explored  tbroiighout.  Under  tbe  propci"  iVp' 
cal  precautions,  thev  mav  tben  be  cleanaed  with  salt  aolution,  any  foreipi  ins" 
terial  rcmoved,  tbc  nprvea  BUtnred,  blmKl-vcasels  auturcd  or  ligated,  aiid  '1'' 
■wounds  ciosed  with  capillary  drainage  by  a  few  strands  of  5ilkworm-gut  intn^ 
duced  to  tbe  bottom  of  the  wound.  Wound8  of  the  fcet  and  whpre  infedit'" 
aeems  inevitable  may  be  left  open  and  drained  bv  a  sniall  piece  of  rubbcr  *" 
rubber  tiasue.  After  24  houra  the  drainage  may  be  removed  and  the  wound  *"' 
heal  like  an  inciaed  wound.  Infeetion  la  a  rare  exception  in  tbe  eases  tBi** 
treated. 

Punctured  woundB  wbieh  involve  the  jointa  and  tendon  abeatba  sbould  "^ 
opened  and  treated  aa  above,  exeept  that  tbe  wound8  in  tbeae  casea  ahou!**  '"' 
cloaed  vvith  drainage  down  to  but  not  into  the  tendon  slieath  or  joint. 

Punctured  »ounds  of  tbe  head,  cbeat,  abdomcu,  and  any  other  regious  *"" 
treated  elaewbere  in  tbia  book  and  are  not  considered  here. 

Probing  and  cauterization  by  strong  chemicala  can  only  do  barm.  »"»^^ 
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drain  shoved  into  a  wo«Dd  of  the  character  described,  throiigh  tlie  small  apertiire 
in  the  skiii,  can  do  little  biit  act  aa  au  irritant  plug.  The  CKUcptioriB  to  the 
stntcincnt  rrgarding  caiitcrization  will  be  found  iinder  the  pnnctiires  produced 
by  sniikcM,  poJsoncd  wcapon8,  dog  bites,  etc. 

ContoBed  and  Laccrated  Woiuid*. — Contuscd  and  lacerated  woiiiids  are  the 
rcsdit  of  bhint  inechanical  violenco  whieh  bruiaes,  tcars,  cniahcs,  laccratra,  or 
actuatljr  piilpifies  the  tieeue.  Ejctremities  may  be  cniahed  or  tom  off,  fingcrs 
or  arms  avulsed.  The  lesione  vary  exten8ively  in  typc  froni  small  jagged  tcars, 
euch  as  8aw  čuta,  to  those  borrible  injuries  in  which  the  body  is  actuallj  cut 
asuuder. 

Ainoug  the  injuries  of  this  variety  are  found  railroad  accidents,  injuriee  hy 
vehicies  and  macbinery,  the  injuries  by  building  matcrials  and  esploaives — in 
fact,  tlio  vast  majority  of  the  injuries  of  indnetrial  life.  The  injuries  may  like- 
wiao  bo  niultiple  and  comprise  injuries  to  the  hcad,  chest,  abdomen,  and  ex- 
tremities  in  a  great  varicty  of  combinations. 

The  eascntial  fcatures  in  the  trcatment  of  such  a  coinpIex  group  are:  (1) 
The  trcatment  of  hcmorrhage;  (2)  the  coinbating  of  the  shock;  and  (3)  tho 
prevcntion  of  infection.  The  remaining  steps  in  the  treatment  compriso  prac- 
ticnllv  ali  of  the  eurgical  methoda  of  traumatic  and  plastic  surgerv. 

The  treatment  of  the  hemorrhage  is  placed  first  becaiise  in  traumatic  ampu- 
tations  and  avulsions  its  rapidity  and  volume  are  e3pecially  dangerous.  A 
toumiquct  should  be  placed  above  the  injury  to  coniprcss  the  vesacls,  A 
bvpodcrmic  injection  of  morphin  sbould  then  bo  given;  the  patient  should  be 
covered  by  hlankets  or  other  warm  eovering,  and  surroimded  by  hot-water  baga 
or  bottles,  hot  atoues  or  bricks,  in  fact,  anything  hot  wbich  is  available;  and 
the  W0Hnd  should  be  covered  by  a  aterile  or  clean  dressing.  If  anv  hot  tap 
water,  eoffce,  or  tea  is  available,  a  quart  of  it  may  slow]y  be  introduced  into  tho 
roctum  through  a  funnel,  catheter,  rectal  tube,  or  anything  at  hand  which  can 
be  inscrted  into  the  rectum  to  permit  of  the  introduction  of  the  above  fluids. 

The  patient  ia  then  transported,  with  the  head  lower  than  the  hips,  to  a 
location  Buitable  for  the  further  treatment  and  the  shock  combatcd  by  intrave- 
nous  aaline  iufuaion,  hypodennoclyBia,  and  hot  rectal  irrigation,  as  the  condition 
demands.  As  soon  as  the  patient  reacta,  further  treatment,  amputation,  etc., 
may  be  proceeded  with.  In  caaea  whicb  Bhow  a  alow  reaction  from  the  shock  of 
the  injuTy,  the  better  procedure  ii  to  ooat  the  injured  area  with  tbe  tincture  of 
iodin,  nipidlv  ligate  the  bleeding  vessela,  and  poatpone  any  further  oporativc 
treatment  uutil  tlie  foI]owing  dav. 

In  the  less  severe  lacerations,  the  wound  ia  cleaned  with  iodin,  the  akin 
shaved,  ali  foreign  material  removed  bv  picking  it  out  or  cutting  away  the 
tiaeuea  which  it  involvea  with  a  fiat  ciirved  scisaors.  The  wonnd  is  then  thor- 
ongIily  waahed  vith  aalijie  Solutira^UKed.  dvvitalizcd  t 
aud  tiic  wound  dre 
wct.  Coutimioui 
in  ccrtain  o 


686    THE  TREATMENT  OF  \VOUNDS  AND  THEIR  DISEASES 

In  those  lacerated  \vonnd8  into  which  so  much  sand,  lime,  or  grit  is  ground 
that  its  removal  \vould  cause  too  much  tissue  destruction,  4  or  5  drama  of  a 
mixture  of  iodin,  1 ;  kali  iodid,  2 ;  guaiacol,  5 ;  gljcerin  to  100,  inay  be  poured 
into  the  wound  to  increase  the  tissue  reaction  and  prevent  putrefaction. 

When  the  \vound  becomes  a  granulating  one,  it  may  be  closed  by  secondarv 
suture,  drawn  together  by  adhesive  plaster,  eovered  by  skin  grafts,  or  allowed 
to  granulate  as  the  čase  may  demand. 

Small  lacerated  and  contused  wound8,  especially  those  about  the  head  and 
face,  may  be  cleaned  and  loosely  sutured.  Especial  čare  miist  be  taken  in  the 
tying  of  these  sutures  not  to  tie  them  too  tightly,  since  strangulation  of  the 
tissue  will  result. 

Should  any  of  the  above  wounds  become  infected,  they  should  be  treated  as 
infected  wounds  (see  below). 

POISONED    AND    INFEOTED    WOUNI>8 

Non-Bactebial  Wounds 

WoTinds  in  WMcli  the  Besulting  Sjiiiptoms  Are  Dne  to  a  Deflnite  Chemical 
Foison. — In  one  group  of  these  wound8  the  resulting  symptoms  are  referable 
to  the  action  of  a  definite  cheraical  substance,  and  the  treatment  to  be  instituted 
is  to  combat  the  action  of  these  poisons  by  neutralizing  or  destroying  them 
locally,  and  by  such  constitutional  measures  as  are  suitable  to  bolster  up  the 
patient  until  the  crisis  is  passed. 

INSECT  BITES  AND  STTNGS. The  BITE  OF  THE  MOSQUITO,  FLY,  TICK,  BED- 

BUQ,  ETC.^  may  eonvey  certain  special  diseases  as  malaria,  yellow  fever,  try- 
panosoiniasis,  etc,  the  treatment  of  which  belongs  to  works  on  general  medicine. 

Tlie  resulting  loeal  reaction  (itching,  swelling,  etc.)  raav  be  treated  by  the 
use  of  alkalino  sohitions,  such  as  sodium  bicarbonate  and  carbonate,  dilute 
amnionia,  aroinatic  ammonia,  saturated  permanganate  of  potash  solutions,  et<!. 
On  the  faeo  and  about  the  lips  and  eyes  the  application  of  cold  compresses  of 
tliese  Solutions,  especiallj  the  bicarbonate  of  soda,  may  aid  in  restrieting  Ae 
excessive  8welling  which  is  so  apt  to  occur. 

In  old  neglected  wounds  and  ulcers,  eggs  niay  be  deposited  by  flies 
hatcli  into  the  larvge  (maggots)  which  permeate  the  wound  in  ali  directions. 
These  mav  be  removed  by  irrigation  with  dilute  iodin,  formalin,  carbolic  acid, 
or  mercurv  oxycyanid  solutions,  and  dressed  with  wet  dressings  of  1:100  p€^ 
manijanatc  solutions. 

Should  the  bites  of  these  insects  become  infected,  they  are  treated  as  de- 
scribcd  under  infected  \vounds  (see  below). 

TlIK  STINCiS  OV  BeKS,  WaSPS,   AND  IIORNETS    (tHE  IIyMENOPTERa).—I**^ 

loeal  rcactioTi  of  the  stincrs  of  these  insects  is  dne  to  an  acid  which  inay  ^ 
neutralizcd  by  dilute  alkaline  solutions.  In  emergencies,  a  moist  poultice  oi 
mud  or  clay  may  be  very  effectual. 


in  bee  stings,  the  barbed  sting  is  iiaually  left  l>chind  iii  tlie  wound  and 
(Aiould  be  removeid.  lii  aevere  cases  witli  miiltiple  stiuga,  niorphin  and  atrychnin 
shoiild  be  injected,  anj  Lot  suline  irrigations  of  the  rectum  given  to  conibat  tho 
constitutional  ajTiiptoms  which  niay  oceur. 

'        If  the  punetures  become  infected,  tbey  are  treated  as  infected  woiitid9  (seo 
\hešlow). 

Spideks,  TARiNTULAS,  CENTiPEDES,  AND  scoEPioNS  produce  local  and  gen- 
leral  svmptoms  of  varyiug  inteneitj.  Tho  trcatnient  should  be  conatriction  of 
the  limb  above  the  sting,  free  inciaion  in  the  woimd,  and  the  applicatiou  of 
I  permanganate  crvstals  or  atroug  aninionia  to  the  wound. 

Should  coustitntional  svmptoms  occiir,  these  ahoiild  be  treated  by  appro- 
priate  stimiiiation,  Sbould  infeetion  or  gangrene  occur,  these  are  treated  by 
the  nieasiiros  detailed  el9ewhere. 

8NAKE  BITE8 — ^Xhe  first  esaential  is  to  detenuine  wbether  the  bite  is  that 
of  a  poiaonons  or  a  hurmless  suake. 

If  thiB  is  not  posaible  f  rom  the  patient,  theeliaraeterof  the  woiindprodiiced  (i.e.,  the 
double  unifomi  row  of  tooth  niorks  in  harmleSB  siiakea  und  the  fung  murka,  double  on 
esch  eide  in  vipere,  single  on  each  side  in  the  eobra,  with  or  wJlhout  tooth  marks)  wHl 
aid  in  determining  the  character  of  tho  treatment  to  be  institutcd. 

The  psychical  svmptoms  in  bites  of  harmlesa  anakes  are  best  treated  by 
morphin  injeetion  and  a  local  dreaaing  of  afeohol.  When  the  patient  awakea 
I  to  find  bimself  in  the  land  of  the  Hviug  he  will  usuallj  believe  that  recovery  is 
possibie  and  a  cure  may  be  expected. 

Local  JIeahures. — For  the  bitea  of  poiaonons  anakes,  energetic  local  and 
'  eonstitutional  treatment  miist  be  inatitnted  promptiv.  Lofal  treatment  after 
'  the  firat  half  honr  is  probably  nseleas.  A  toumiqiiet  should  be  plaeod  above 
the  site  of  th«  bite,  i.  e.,  on  the  prosimal  side,  to  prevent  the  abaorption  of  tbe 
;  Tenom.  The  fang  woHnd9  should  be  opencd  widely  and  tho  vcnom  cupped  or 
j  nicked  ont. 

p  Pure  crjstals  of  pemianganate  shonld  he  rubbed  into  tbe  wound  and  a  solu- 
I  tion  1 :100  of  permangauate  ahoiild  be  injected  into  the  tisanea  aboiit  the  wound 
!■  (Mitehell) ;  or  1 :  00  aohition  of  ealcium  chlorid  (Calmette) ;  or  1 ;  100  solution 
I;  of  chromic  acid  (Kanffman)  injected  into  and  aboiit  the  wound.  If  theae  can- 
BOt  be  obtained,  tho  wound  may  be  cauterized  by  hot  coals,  red  hot  iron,  a  knife 
hlade,  pipe,  bar.  fnming  nitrie  acid,  etc.  Maaon  aiiggeats  bandaging  the  limb 
from  both  cstreinities  toward  the  wo»nd,  to  8qiieeze  ont  the  venom. 

CoNsTiTUTioNAL  Treatment— Whiskey.  brandy,  etc.,  mav  be  given  by 
moiith  in  ropeated  small  dosea.  Hot  coffee  and  tea  shonM  bo  given  by  inouth 
Mid  rectinn;  10  to  20  drops  of  dilutc  ammonia  or  aromatic  amraonia  may  be 
injected  intravenoualv. 

Fr<!C  lavage  of  tbe  stomach  shonld  be  practiced  with  dihite  pemianpanato 
Bolutions  to  vvash  ont  tbe  venom  excreted  into  it  and  free  eatharsis  raay  be 
reBort«d  to  in  the  more  cbronic  cases. 


Artificial  respiration  slionld  be  reaorted  to,  and  a  pulmotor  used,  if  avul- 
able,  for  a  long  period. 

Noguchi  (15)  States  that  antivenene  should  be  used  if  obtainable,  buttliat 
the  BucceBs  o£  treutment  by  tbia  method  reguires  an  antivenene  of  greater  po- 
tency  than  now  existB. 

WOUND3  DUE  TO  POISONED  WEAPONS. — (See  JoLin80n'a  Surgical  Kaf 
□osis  (8)  for  varietiea.)  While  the  woiind  produced  may  be  relatively  insig- 
nificant,  it  is  usuallv  sufBcient  for  tbe  introduction  of  the  alkaloidal  poiuo 
with  which  the  arrow  or  spear  bas  been  coated. 

Treatment,  to  avail,  must  be  proinpt.  The  liinb  should  be  constrict«!  abore 
the  wound,  the  wonnd  freely  incised,  and  the  poison  renioved  by  siickingor 
ciipping  the  wound.  Tbe  wouiid  sbould  be  irrigated  with  pcrmanganate  of 
potash  aoliitions  or  pure  crjstals  of  that  aalt  ma.v  be  rubbed  into  the  woiind. 
The  remainder  of  the  treatment  is  Bjmptomatie  and  is  direeted  toward  counta^ 
acting  the  svinptoms  as  they  arise. 

Wounds  in  Wluch  the  fiesnltin^  Syinptaiiia  Are  the  Besult  of  the  Action  of  i 
Specific  ViruB. — VACCINATION.^The  wound  resnlting  from  vaceination  pro- 
diiced  as  a  prophvlactic  againat  sma]lpi"'X  needa  iio  treatment  iinlesa  tlie  local 
reaction  is  uuusual!y  marked,  in  which  čase  moist  dressings  of  aaline  soln- 
tion,  ahiminimi  acetate,  etc,  may  relieve  the  eoincident  pain. 

HTDBOPHOBlA.— The  main  woimd  diecase  of  thia  group  is  hvdrophobit 
The  essential  feature  in  the  treatment  of  thia  condition  is  the  determination 
whother  tho  animal  which  prodiiced  the  woiind  bas  rabies  or  not.  Kabies  U 
not  a  conimon  disease,  and  manv  of  the  so-called  mad  doga  are  siek  from  other 
diseases.  In  the  dog,  at  leaat,  the  sjmptoma  are  eharacteriatic,  if  oboerred 
witboiit  undiie  hj-storia. 

Since  rabies  most  commonIy  results  from  the  bite  of  a  rabid  dog,  the  tieit 
ment  of  the  bite  of  a  suspected  dog  may  be  iiaed  as  deacriptive  of  the  type. 

In  general,  the  wound  or  woiinds  shoiild  be  opened  wide]y  and  canteri«o 
by  fuming  nitric  acid,  carbolic  acid,  iodin,  or  tbe  aetual  cautery  in  the  snfr 
pected  cases  and  !eft  wide  open.  Kambaud  auggests  inercuric  cUo™ 
(1 :  1000)  as  tbe  best  antiseptic. 

The  animal  sbould  eitber  be  killed  and  sent  to  a  reliable  pathologist  '"r 
esamination,  or  kept  under  obacrvation  in  an  enclosed  kennel,  if  the  former » 
not  available,  and  observed  by  a  competent  veterinary  to  determine  whet!ierit 
bas  rabies  or  not. 

Meanwhile  the  patient  sbould,  in  cases  in  which  any  doubt  esista  oi  m 
wbich  rabies  was  undoubtedly  preaent  in  the  animal,  undergo  tbe  Pjsteui 
treatment. 

The  Pasteur  treatment  consists  in  tbe  injection  of  an  attcnuated  virosi« 
fixed  strengtb,  made  from  the  apinal  cord  of  rabbits  dying  of  rabies,  in  giM"" 
a]ly  increasing  doaes,  and  extends  over  a  period  of  2  to  3  ft-eeks.  The  ih«"? 
is  tbat  tbis  immunizes  the  individual  apainat  the  disease.  Tor  the  tresimc"' 
the  patient  may  be  aent  to  the  neareat  Pasteur  Institute  or  the  aet  of  ^^  ^ 
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quired  for  the  treatment  may  be  obtained  from  a  reliable  firm  producing  the 
fixed  virus  for  the  treatment. 

To  be  of  value  the  Pasteur  treatment  should  be  begun  before  the  8ymptom9  of  rabies 
appear.  When  these  are  undoubtedly  presen  t,  treatment  avails  little,  and  is,  as  a  rule, 
symptomatie.  The  patient  should  be  placed  in  a  darkened  room  and  kept  absolutely 
quiet;  morphin  and  chloroform  should  be  used  freely  from  the  start,  and  the  patient 
should  be  foreibly  restrained. 

Čare  should  be  taken  to  destroj  ali  clothing,  sheets,  gauze,  ete.,  which  have  come  in 
contact  with  the  patient,  by  buming  them. 

The  Infectious  Wound  Diseases 

The  infectious  wound  diseases  are  those  in  whieh  the  resulting  symptoms 
are  due  to  the  entrance  of  bacteria  into  the  wound  and  their  growth  there,  with 
(1)  the  dissemination  of  the  micro-organisms  from  the  portal  of  entrance  by 
way  of  the  lymphatics;  or  (2)  the  dissemination  of  a  toxin  with  manifcsta- 
tions  at  a  distance  (tetanus,  diphtheria)  ;  or  (3)  the  production  by  the  micro- 
organisms  of  changes  in  the  tissue  known  as  putrefaction,  in  which  čase  the 
resulting  symptoms  are  due  to  the  absorption  of  the  products  of  this  putrefac- 
tion. 

The  general  principles  of  any  treatment  for  such  infectious  are  based  upon 
the  fact  that  the  tissue  reaction  is  insufficient  to  overcome  the  infection.  In 
general  the  treatment  should,  then,  be  such  that  a  free  exit  for  the  toxic 
products  of  the  bacterial  growth  is  provided  (free  incision)  ;  the  local  tissue  re- 
action should  be  increased  by  hot  moist  dressings  or  cupping  (active  and  passive 
hyperemia)  ;  the  dissemination  of  the  micro-organisms  or  their  toxins  should  be 
prevented  by  increasing  the  constitutional  resistance,  by  the  regulation  of  inter- 
current  conditions,  etc. ;  and,  when  it  exists,  the  specific  antitoxin  should  be 
given  to  combat  the  action  of  the  toxic  products  of  the  bacteria. 

The  type  of  the  infection  in  a  wound  determines  its  treatment.  On  page 
681  is  given  a  classification  to  form  a  working  basis  for  treatment. 

Ordinar;  WoniLd  Infeotioni. — wound8  inpected  by  the  ordinarv  pyo- 
OENIG  BACTERIA. — Should  a  wound  become  infected,  it  should  be  freelv 
opened,  rubber  dam  or  split  rubber  tubes  inserted  for  drainage,  and  the  wound 
dressed  with  saline  solution  and  kept  wet.  A  hot  water  bag  mav  be  placed 
against  the  dressing  to  keep  it  hot  or  a  constant  drip  of  hot  saline  solution  may 
be  alIowed  to  fall  on  the  dreBsing.  If  the  wound  is  in  an  extreniity,  the  extrem- 
ity  maj  be  plaoed  in  a  wann  saline  bath.  When  the  acute  necrotic  process  has 
aobaided  and  tbe  diaeliavge  begina  to  decrease,  the  wound  mav  be  dressod  on 

of  Pem  and  a  solution  of  iodin,  1 ;  kali  iodid^  2; 
:tp  ;  Aimnlate  the  cranulations.    ^Vhcn  tlie  \v(nnid 

*"«d  by   a   moist   drcssing, 
part  elevated.    An  ice- 
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bag  should  be  placed  over  the  lymph  glands  which  drain  the  infected  area. 
Should  suppiiration  occur  along  the  course  of  the  lyinphatic8  (suppurative 
thrombolyniphaiigitis),  the  foci  of  suppuration  should  be  freelv  opened  and 
drained  and  dressed  as  in  the  suppurating  wounds. 

LYMPHADENITIS. — Shoiild  the  Ijrmph  glands  become  8wollen  and  tender, 
they  should  be  treated  for  the  first  24  to  48  hours  by  an  ice-bag,  and  after  that 
by  a  hot  \vater  bag  on  top  of  moist  dressing.  Should  the  inflammation  eitend 
bevond  the  gland  or  the  gland  suppurate,  it  should  be  incised  and  drained  and 
dressed,  as  in  simple  infected  wounds. 

The  complete  and  radical  oxcision  of  the  lymph  glands  draining  the  infected  area, 
especially  in  rapidly  spreading  infection,  has  been  praeticed,  but  it  is  based  upon  the 
erroneous  supposition  that  the  infection  can  be  stopped  by  this  means  and  has  nothing 
to  recommend  it. 

CELLULITIS. — ^When  the  infection  enters  and  spreads  along  the  deeper 
cellular  lymphatic  planeš,  these  should  be  opened  by  appropriate  incisions  and 
drained  and  dressed  as  an  infected  wound. 

ERYSIPELAS. — The  treatment  of  ery8ipelas,  when  it  occurs  as  a  wound  in- 
fection, has  siniplified  itself  materially  in  recent  years.  The  disease  is  pri- 
marily  self-limited,  and  attempts  at  limiting  the  disease  locally  by  scarification, 
the  injection  of  carbolic  acid,  etc,  ahead  of  the  disease,  have  little  justifica- 
tion.  Painting  the  infected  area  and  a  wide  zone  about  it  with  the  tincture  of 
iodin  is  of  doubtful  utility.  Probably  the  most  comfortable  local  application 
consists  in  a  cold  moist  compress  of  boric  acid  or  2  per  cent.  sodium  bica^ 
bonate  sohition  to  the  involved  area.  This  should  be  changed  every  few  min- 
utes  and  the  part  kept  cool  and  moist. 

Constitutional  treatment  should  be  instituted  to  meet  the  requireineuts  of 
the  casc,  and  such  intercurrent  conditions  as  starvation,  alcoholism,  nepliritis, 
diabetes,  etc,  treated  by  appropriate  measures. 

In  general,  \vater,  lemonade,  and  fluids  should  be  given  generouslv.  The 
patient  should  be  sponged  for  temperatures  above  103°  F.  and  the  bo\velskept 
open.     The  diet  should  be  fluid  and  high  in  caloric  value. 

Antistreptococcic  sera,  vaccines,  etc,  have  proven  of  no  value. 

Pationts  with  erysipela8  should  be  isolated  and  čare  taken  not  to  carry  the  m^ 
<ion.  Ali  attendants  should  wear  rubber  gloves  while  dressing  these  cases,  and  aH 
dressini^,  etc,  iistd  in  the  casc  of  ery8ipela8  patients  should  be  sterilized  by  ininiersion 
in  formaliii  solutions  or  burned. 

GASEOUS  OR  EMPHTSEMATOUS  CELLULITIS. — ^When  crcpitation  is  found 
about  a  lacerated  wound  into  which  street  dirt  has  been  ground,  the  crepitant 
arvii  and  tlie  tissue  around  and  beyond  it  should  be  opened  by  long  incisions 
and  tlic  \v(nnid  and  the  line  of  incision  irrigated  with  hydrogen  dioxid  solution, 
and  the  part  dressed  \vith  dressings  dripping  wet  with  the  peroxid  sohition. 
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Should  the  smears  and  cultiires  froni  tbe  wound  shnw  the  preseuco  of  tlie 
gas  bacillus  (Bacilhis  capsiilatus  af'rog;eueB,  Welch),  especiallv  if  the  organism 
occiira  in  eonjiinction  with  tlie  Btrcptneoccus,  great  čare  nuist  be  uaed  tt)  prpvent 
pockcting  of  the  discharge.  Unless  free  incisioii  is  iiiade,  thia  pocketiug  is 
Itoiind  to  occur,  and  the  infcctiou  will  sprcad  froin  tliis  sonrce  along  the  con- 
tiguoiis  Iviiiphatica. 

The  8iibspquent  treatraent  will  depend  iipon  the  presence  or  absenco  of  the 
gas  baciUua  in  the  circulating  blood.  Once  the  organiam  gaina  a  footbold  in 
tlie  blood  atreain,  auch  local  treatmeiit  aa  ampiitation  avails  little,  Whcn  the 
extremity  ia  so  badly  lacerated  by  the  original  injiiry  that  ita  cireulation  ia 
6erioiialy  interfcred  \vith,  the  early  reeognition  o£  a  gaa  bacillua  infeetion  and  a 
prompt  amputation  are  indicated. 

When  the  laceration  ia  estenaive,  without  any  definite  injnry  to  the  main 
cireulation,  the  treatnient  ia  that  naed  for  lacerationa  in  general.  Should  the 
lacerated  tiasuea  shoi*  signs  of  extensive  neeroais  and  the  wound  give  a  aweet- 
ish,  fetid  odor,  wilh  a  grayiah  green  anrfaee,  the  paticnt  should  be  anesthetized 
(gaa  and  oxygeu)  and  the  vvhole  wound  filied  with  pure  atrength  fomialin  aolu- 
tion.  After  5  inimites  the  necrotic  inass  should  be  cut  away,  every  receaa  of 
the  wound  opened,  and  the  action  of  the  fomialin  thcn  neiitralized  by  a  10-vol- 
lune  solution  of  peroxid.  The  wound  niay  now  be  dressed  in  thia  solution,  The 
essential  feature  in  the  treatnient  of  thia  type  of  infeetion,  in  my  experienee, 
has  been  the  prevention  of  pockets  in  which  the  anaerobie  conditiona  suitabte  for 
the  growth  of  the  gas  bacillus  esiat. 

VAHVING  TVPES  OF  BLOOD  INFECTION  (BACTEBIEMTA,  8EPT1CEMIA, 
SEPTICOPTEMIA,  PTEMIA,  RTC.)  WHICH  HESULT  FROM  WOUND  INFECTI0N8. 
— Pbevkntive  Mkasukes. — Rigid  siirgical  aaepsia  and  the  proper  treatinent 
and  drainage  of  aH  injuriea  will  reduce  the  above  infeetion  to  a  minimum, 

Ix)CAi.  Tkeatment.- — Auy  infected  wound  ahould  be  froelv  opened  and 
proper  drainage  provided  (aee  Wounds  Infected  by  the  Ordinary  Ptogenic  Or- 
gan iama). 

Genekal  Treatment. — The  patient  ahould  be  put  to  bed  and,  if  the  tem- 
perature ia  high  or  if  there  is  marked  delirium,  sponged.  Thr  diot  ahould  be 
li()iiid,  eaBily  digostible,  and  of  a  high  caloric  vaiuc,  and  nouriahmcnt  ahould  be 
gireu  at  »hort  intervala  (everv  2  to  .1  bours).  Thoae  patienta  who  caii  take  a 
relativelv  large  aniount  of  nourishnient  show  greater  resiatance  to  this  tvpc  of 
infeetion  and  tbe  vaat  niajority  of  the  recoveries  from  general  blood  infoetions 
of  the  surgicfll  type  will  be  found  aniong  stich  patients.  Water,  lenionadc,  etc., 
ahould  be  given  freely,  and  the  caae  treated  ayniptomat!cal]y  by  fltrychnin,  digi- 
talis,  whi8ky,  etc 

Special  Forms  ok  Treatment. — Many  other  forma  of  treatment  have 
been  recommended,  as  fo11ows: 

1.  Iniravenous  injeclions  of  various  anliseptics  (bichlorid  of  nicrcvirv, 
silver  nitrate,  colloidal  silver.  clectrargol,  formaldehvd  ao]ution8).^The  pur- 
poae  of  these  injecttons  is  to  rcudcr  the  blood  antiseptic  and  thus  to  inhibit  the 
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growth  of  or  to  dcstrov  tho  micro-organisms.  Ali  of  the  above  antiseptics  can 
be  introdiiced  in  siifficient  qiiantity  to  theoretically  inhibit  the  growth  of  the 
micro-or^anisni.  Practicallj  the  only  resiilt  of  their  introduction  is  an  in- 
creased  leiikocjtosis.  In  the  human,  blood-cultiires  in  streptococeus  infections 
8how  no  ehange  after  repeatod  injections  of  any  or  ali  of  the  above  chemicak 

2.  A  second  tvpc  of  treatment  is  siiggested,  which  has  as  a  basis  for  its 
existence  the  increase  of  the  hacieriolytic  action  of  the  blood  (a)  by  causingaii 
incrcased  lenkocvtosis,  or  (b)  by  incrcasing  the  opsonins  in  the  blood-stream. 
The  increase  in  lenkocvtosis  niay  be  produced  by  saline  infusion,  the  injection 
of  nucleinic  acid,  etc.  The  opsonins,  etc.,  are  inereased  by  the  so-called  vaccine 
therapv,  i.  e.,  the  injection  of  the  dead  bodies  of  the  infecting  micro-organisms, 
either  autogenous  (made  f rom  the  cultnre  obtained  from  the  patient)  or  from 
stock  cultures.     (Soe  Vol.  T,  Chap.  VI,  for  complete  eiposition  of  the  subject.) 

3.  The  produciion  of  chemical  abscesses  in  suitable  localities  (for  ex- 
ample,  the  buttocks)  by  the  injection  of  such  substances  as  turpentine,  zine 
chlorid,  formaldehvd  sohitions,  etc.  The  purport  of  such  treatment  is  stated 
to  be  the  fonnation  of  abscesses  in  which  a  sufficient  number  of  micro-organisms 
are  destroyed  to  produce  an  autovaccination  and  an  active  inmiunization  against 
the  speci  fic  infection. 

4.  21ie  introduction  of  drugs  hy  mouth,  rectum,  or  inunction  to  destroj  the 
micro-organisms  in  the  circulation  (quinin,  unguentum  črede,  etc). 

5.  Serum  Therapij. — ]Vlany  forms  of  antistreptococcic  sera  have  been  pre- 
pared,  but  none  have  proven  of  any  value. 

It  is  probable  that  a  lengthy  search  would  reveal  many  more  equally  ineffi* 
cacious  forms  of  treatment.  Of  the  above,  only  the  vaccine  therapy  is  of  proba- 
ble viihie,  and  that  onlv  in  the  hands  of  an  expert.  The  indiscriminate  injec- 
tion of  tlio  stock  cultures  ia  not  likelv  to  do  any  good  and  may  do  hann. 

The  Putrefactive  Infections. — The  featuros  essential  for  the  development  of 
putrcfactive  infections  are  ( 1 )  the  presence  of  necrotic  or  sloughing  tissue;  (2) 
pocketing  of  the  wound  secretions;  (3)  the  infection  by  putrefactive  micro- 
organisms.  (The  chief  micro-organisms  of  this  group  are  the  proteus  viilgaris, 
the  colon  bacillus,  and  the  anaerobic  bacilli,  of  which  the  bacillus  capsulatiis 
aerogenes  is  the  chief  member;  see  gaseous  cellulitis).  (Here  likewise  mavbe 
groupcd  diabetic  and  moist  gangrene,  noma,  and  wound  phagedena  or  hospital 
gangrene. ) 

It  is  difficult  to  group  the  treatment  of  conditions  of  such  a  wide  etiologic 
organ.  Since  the  resulting  processes  are  ali  susceptible  to  the  same  general 
la\vs  and  differ  onlv  in  the  location  of  the  process,  such  an  attempt  will  be  mad^- 

Inasmuch  as  the  presence  of  necrotic  or  sloughing  tissue,  that  is  tissue  »i 
which  the  circulation  has  been  destroved,  is  one  of  the  main  factors  in  the 
putrefactive  infections,  ali  sloughing  and  necrotic  tissue  should  be  removed  by 
free  incision  to  the  normal  tissue  or  by  amputation  as  the  čase  require8.  Wide 
incision  sliould  be  made  into  the  adjacent  normal  tissue  (when  amputation  is 
not  done)  and  aH  pockets  and  recesses  freely  opened  and  drained.     Since  the 
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majoritj  of  the  infections  of  this  tvpe  exbibit  their  iiioat  viriileut  form  iinder 
annerobic  conditiona  tbe  woiiiid8  sliould  be  filled  witL  perosid  of  hydrogen  aolu- 
tion,  dreaaed,  and  kept  wet  witli  tbia  solution. 

In  those  cases  of  gangrene  in  diabetes,  in  senile  gangrene,  aiid  in  traitmatic 
gangrene  which  do  not  permit  of  immediate  aniputation,  the  part  ahould  be 
subjected  to  conatant  dry  heat  (tJiat  is,  siibmitted  to  deaiccation). 

Tbis  may  be  done  by  passing  a  eurrent  of  drv  hot  air,  generated  bv  a  gaa 
or  alcobol  flame  over  tbe  iiivolved  area,  »birh  may  either  be  left  esposed  to  tbe 
air  or  covered  with  dry  gaiize  and  proteeted  froni  tbe  bed  clotbes  by  a  suitable 
wire  or  w-ooden  cradle  witb  opeiiings  at  botb  enda  to  al]ow  tbe  cnrrent  of  bot 
air  to  pasa  free]y  over  the  tisane.  Later  wben  demarcation  is  evideut  and 
desiccation  is  so  far  completed  aa  to  permit  of  tbe  rapid  removal  of  the  dead 
tissue,  amputation  is  indieated.  Wet  dressings  are  to  be  avoided  inasmiicb  as 
the  putrefactive  proceaeea  develop  rapidly  under  the  influence  of  moistiire  and 
heat. 

Noma  and  allied  condition  ahould  be  treated  by  esciaion  by  the  actiial 
cauterv  through  the  normal  surroiiiiding  tiaane  (see  face,  eto.)-  For  putrefac- 
tive iufections  in  Uie  nterua,  penis,  acrotimi,  perinenm,  and  peritonenm,  see 
tbe  chaptcrs  devoted  to  the.se  rejiiitna. 

Group  of  Wonnd  Infections  Due  to  Specific  Ificro-organisms. — ^TETANUS. — Te- 
tamiB  ri^aults  froni  tbi;  cntruncc  aiid  f^nnvth  of  tliL'  t.etamia  bacilbis  in  a 
vound.  I)uo  to  its  prevaleuce  in  street  dirt  and  in  tbo  exei'eta  of  herbiverous 
animals,  it  is  prone  to  complicate  vvonnda  receivcd  in  locations  likely  to  be  con- 
taminated  by  street  dirt,  manure,  etc,  The  treatuient  of  woiind8  Hkc!y  to  be 
oontaniinatcd  by  infection  froni  the  tetamis  bacilhia  may  be  divided  into  two 
parts:  First,  tbe  loeal  treatment  of  tbe  vvoiind;  seeond,  tbe  prophylactio  iujec- 
tion  of  1,500  uuits  of  tetauus  antitoxin  into  tbe  rcjiion  pro^imal  to  tbe  injury, 
that  is,  if  tt  vvoiind  of  the  ripht  band,  into  tho  rigbt  ann;  of  tbe  foot.  into 
the  leg,  etc.  Thia  latter  procedure  is  the  most  iuiportant  of  the  twn,  and  in  view 
of  tbe  danger  of  tetanus,  cspeciallv  in  blank  caitridgc  wounda  and  lacerated 
Wonnds  into  wbicb  atreet  dirt,  etc.,  bas  been  gronnd,  its  more  exten8ive  uae 
would  aeem  warranted. 

Wben  tbe  manifesta  t  i  ona  of  tbe  tetanua  infection  become  definite]y  marked, 
the  treatment  likewiBe  beeomes  local  and  constitutional,  and  bere  again  the 
latter  is  of  the  greatcr  importance. 

Intbasi'inal  Ann  Inthavenoub  Isjection  of  Tetanos  Antitojcin. — 
■!t*ark  and  Nicoll  (10)  recommend  tbe  uae  of  intraapinal  and  intravenouB  injec- 
tiona  of  antitoxin. 

In  every  čase  of  suspected  tetanna.  from  3,000  to  5,000  nnita  of  tetanns 
ititoxin  shonld  be  given  intraspinailv  through  a  Inmbar  pimcture.  The  pa- 
cient should  be  anestbetized,  himbar  punotiire  done,  and  an  an>oimt  of  cerebvn- 
■pinal  flnid  aligbtly  in  excess  of  thf  amount  of  aiititoxin  to  be  given  abould  be 
witbdrawn.  To  insnre  ita  disaeniination,  tlie  antitoxin  sbould  I«  dibited  tu  ii 
Toluiue  of  from  3  to  10  c.  o.,  according  to  the  age  and  aize  of  tbe  patient     The 
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diluted  antitoxin  is  then  allowed  to  flow  into  the  spinal  canal  8lowly  by  gravitv. 
In  aciite  cases  this  procedure  should  be  repeated  in  from  24  to  36  hours. 

In  addition  to  the  above,  from  10,000  to  15,000  iinits  of  tetamis  antitoxin 
should  be  given  intravenously,  eoineidently  with  the  intraspinal  injection. 
After  a  period  of  from  3  to  5  day8  10,000  to  15,000  units  should  be  given  sub- 
cutaneously  to  insure  a  continuance  of  the  highly  antitoxie  condition. 

It  does  not  lie  within  the  scope  of  this  article  to  diseuss  the  merits  and  demerits  of 
the  various  methods  recommended  for  the  use  of  antitoxin  in  cases  of  tetanus,  but  the 
above  treatment  of  Park  and  Nieoll  meets  the  conditions  to  be  treated  more  satisfac- 
torily  and  deserves  a  much  more  extended  trial  than  the  other  less  efficacious  forms  of 
treatment. 

Intracerebral  Injection  of  Tetanus  Antitoxin. — ^Roux  and  Borrell 
(18)  injccted  the  antitoxin  through  a  trephine  opening  into  the  brain  tissue 
directlv,  believing  that  the  toxin  was  more  quickly  neutralized  by  this  method. 
As  statod  by  Frazier  (5),  it  is  difficult  to  understand  the  rationale  of  injecting 
the  antitoxin  into  the  brain  when  the  toxin  acts  chiefly  upon  the  cord  and 
medulla. 

Intraneural  Injection  of  Tetanus  Antitoxin. — Marie  and  Morax 
(11)  in  their  experiments  on  animals  found  that  toxin  was  absorbed  by  theend 
plates  of  the  nerves.  Mever  and  Ransom  (13)  found  that  the  toxin  wa8  ab- 
sorbed by  the  motor  nerves  and  explained  the  period  of  incubation  bv  the 
length  of  the  nerve  from  the  site  of  the  original  infection.  They  also  found 
that  the  intnineural  injection  of  the  antitoxin  into  the  nerve  tninks  which  snp 
ply  the  area  of  the  wound  infection  prevented  the  passage  of  the  toxin  to  the 
cord;  hence  tetanus  did  not  result.  From  this  arose  the  intraneural  injection  of 
antitoxin  into  the  nerve  trunks.  Rogers  (16)  was  the  first  to  applv  this  method 
clinicallv,  but  in  his  cases  he  likewise  injected  the  antitoxin  subcutaneouslv, 
intravenouslv  and  into  the  spinal  cord,  so  that  it  is  difficult  to  determine  the 
relative  value  of  this  method  from  his  clinical  observations. 

Otiikr  Tiierapeutic  Measures. — Of  the  other  therapeutic  measures  sii^ 
gested  in  the  treatment  of  tetanus,  mention  must  be  made  of  the  carbolic  acid 
treatment  of  l^acelli  (1),  the  subdural  injection  of  magnesium  sulphate  by 
Melzer  (12),  and  the  use  of  chloretone  by  Hutchings,  1909  (7). 

The  carholic  acid  treatment  for  tetanus  (Bacelli)  consists  in  the  subcu- 
taneous  injection  of  a  1  per  cent.  solution  of  carbolic  acid  until  80  gr.  (5  gm) 
have  been  given  in  tlio  24  hours.     The  results  outside  of  Italy  are  not  convinc- 


mg. 


Suhdural  rnjections  of  Magnesium  Sulphate  (Melzer). — Melzer  advises  1 
C.  C.  to  everv  20  pounds  of  body  weight  in  the  adult  male,  1  c.  c.  for  everv  '2.> 
pounds  of  bodv  \voiglit  in  the  femalo,  and  in  the  child  never  more  than  1  <*•  ^• 
for  ('V(M'v  25  pounds  of  body  \veight.  Blake  (3)  considers  it  a  reasonablv  saie 
means  of  rolioving  tho  pain  and  modifving  the  conv^ilsions  in  the  disease. 

Chloretone. — Hutchings  considers  chloretone  a  very  useful  medicament  in 


OPEN    WOUNDS  695 

controUing  a  convulsion.  It  is  given  in  from  30  to  60  gr.  doses  dissolved  in 
whisky  or  hot  olive  oil — ^by  mouth  or  rectum — and  repeated  8ufRciently  often 
to  control  the  convulsions. 

LocAL  Treatment  of  Suspicious  Wounds. — The  local  treatment  of  a  sus- 
picioiis  woiind,  or  one  in  a  čase  in  which  the  sjmptoms  of  tetamis  are  present, 
should  be  radical.  Under  an  anesthetic  the  wound  should  be  widely  opened 
and  disinfected  with  iodin  or  carbolie  acid  sohitions,  and  freely  drained. 

In  cases  in  which  tetanus  has  developed,  or  in  suspicious  wounds,  McFar- 
land  advises  the  use  of  a  dry  powdered  form  of  tetanus  antitoxin  as  a  dusting 
powder  f  or  the  wound. 

The  further  treatment  consists  in  the  use  of  rest  in  a  quiet  room,  the  use 
of  sedatives  to  control  convulsions,  together  with  chloroform  inhalations  in  the 
severe  forms.  Čare,  however,  should  be  used  in  not  overdoing  the  use  of  seda- 
tives. The  nourishment  should  be  fluid,  and  čare  should  be  taken  to  keep  the 
bowels  open. 

WOUND  DIPHTHERIA. — This  is  found,  as  a  rule,  sccondary  to  nasal,  throat, 
or  laryngeal  diphtheria.  It  occurs  in  many  forms  (see  Knowles  and  Frescoln, 
9,  for  types  and  literature). 

Since  the  treatment  is  dependent  upon  the  presence  of  the  Klebs-Loeffler 
bacillus  in  the  wound,  it  should  wait  for  a  culture  made  from  the  wound. 
When  the  Klebs-Loeffler  bacillus  is  reported  as  present,  from  5,000  to  20,000 
units  of  diphtheria  antitoxin  should  be  given,  depending  upon  the  severity  of 
the  čase.  Locally  the  wound  should  be  cleansed  with  peroxid  and  dressed  with 
a  moist  alcohol  or  saline  dressing. 

Patients  with  wound  diphtheria  should  be  isolated,  and  ali  dressings,  etc, 
which  have  been  used  should  be  bumed. 

ANTHRAX. — The  essential  lesion  of  the  infection,  as  a  wound  disease,  is 
the  malignant  pustule. 

The  treatment  depends  upon  the  recognition  of  the  type  of  the  infection  be- 
fore  it  has  spread  beyond  the  localized  lesion.  When  secn  early  and  recognized, 
complete  radical  exci8ion  of  the  involved  area  by  the  knife  or  cautery  or  both 
may  be  successful.  If  seen  after  the  lesion  has  lasted  for  some  day8,  excision 
18  likely  to  avail  little,  as  the  blood  stream  is  invaded  carly  in  the  course  of  the 
disease. 

Sclavo  (18)  advises  the  use  of  a  serum  prepared  by  actively  and  passivelv 
immunizing  an  animal,  especially  the  ass.  The  dose  suggested  by  him  is  30 
to  40  C.  C.  of  the  antitoxin  injected  into  the  abdominal  wall  at  3  or  4  different 
points.  In  severe  cases  the  injection  should  be  made  intravenously  and  the 
dose  repeated  every  few  hours. 

When  the  serum  cannot  be  obtained  and  when  oxcision  is  impossible  or  has 
V)een  too  long  delayed,  injections  of  carbolie  acid,  1 :  20  (Stnibel,  19),  with 
liot  moist  compresses,  may  be  used. 

The  general  treatment  should  be  dietetic  and  symptomatic,  but  in  the  ab- 
sence  of  the  serum,  avails  little. 
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GLANDERS.- — TIiis  disease  is  transmitted  to  man  from  an  infected  animal, 
usuallv  the  horse,  and  the  cutaneons  lesions,  i.  e.,  the  small  superficial  skin 
wound8,  closelv  resemble  chronic  pvogenic  infections.  There  is,  however, 
usually  an  aeute  febrile  disease  (acute  glanders),  or  the  čase  may  continue  as 
chronic  glanders  as  a  result  of  the  local  infection. 

Wounds,  therefore,  received  by  stablemen,  etc,  had  best  be  regarded  with 
suspicion,  and,  if  a  history  of  attention  given  to  a  sick  horse  is  obtained,  the 
wound  area  shoiild  be  freely  excised,  cauterized  with  pure  carbolic  acid,  and 
dressed  with  alcohol  or  with  the  iodin-guaiacol  solution. 

Chronic  absccsses  may  form  periodically,  and  these  shonld  be  opened,  cau- 
terized by  pure  carbolic  acid,  and  dressed  with  the  iodin-guaiacol  solution  previ- 

ouslv  described. 

« 

In  a  čase  reported  by  me  (6)  an  abscess  on  the  arm  appeared  8  months  after 
the  infection.  This  abscess,  located  on  the  radial  side  of  the  forearm,  resem- 
bled  a  giimma,  but  the  man's  history  made  the  diagnosis  of  chronic  glanders 
possible,  and  the  injection  of  some  of  the  pus  into  a  male  guinea  pig  proved  the 
presence  of  the  bacillus  malici.  The  treatment  above  outlined  produced  a  curc 
of  the  local  abscess,  and  no  others  occurred  during  the  succeeding  year. 

Mallein  (Bonome,  4)  may  be  used  in  the  chronic  cases. 

TUBERCULOSIS. — Tuberculosis  mav  occur  as  the  result  of  wound  infection 
from  infected  meat,  or  in  post-mortem  wounds. 

TiiE  Anatomical  Tubercle. — This  result  of  local  infection  by  the  tul)e^ 
cle  bacillus  should  be  excised. 

SYPHIL1S. — Svphilis  may  result  from  wounds  infected  by  instnunents 
which  have  come  in  contact  with  a  svphilitic.  The  recognition  of  the  chancre 
and  its  treatment  by  calomel  ointment,  salvarsan,  mercury,  etc,  need  no  fu^ 
ther  comnient. 

ACTIN0MYC0SIS. — Actinomvcosis  occurs  chiefly  as  an  infection  about  the 
head  and  neck  (mouth  and  teeth),  the  digestive  tract,  pulmonary  tract  or  the 
skin.  In  tlie  latter  it  mav  be  present  as  an  infection  of  a  wound  due  to  the 
presence  of  a  foreigii  bodv,  splinter,  piece  of  straw,  etc,  in  the  wound, 

The  treatment  of  actinomvcosis  consists  in  excising  the  infected  area  when 
possible,  cauterizing  the  area  of  the  excision  with  pure  carbolic  acid,  and 
drcssing  it  witli  tlie  plienol  eamphor  solution  of  Chlumskv  (phenol  30,  cam- 
phor  GO,  alcoliol  10).  When  the  area  cannot  be  excised,  ali  the  sinuses  should 
be  \videly  opened,  cauterized  with  pure  carbolic,  and  packed  with  gauze  satu- 
rated  \vith  the  iodin-<ruaiacol  solution  or  with  the  phenol-camphor  solution. 

Potassiuin  iodid  shonld  be  given  internally  in  large  doses  at  broken  inter 
vals,  i.  e.,  the  dniir  should  be  .i»:iven  for  1  week,  then  stopped  for  1  week. 

Bevan  (2)  nvoniinends  the  use  of  cupric  sulphate  internally  in  from  1/4  ^ 
V'i  gr.  doses  tlirice  dailv.  TTe  also  advises  irrigating  the  wound  and  sinuses 
witli  a  1  per  cent.  copper  snlpliate  solution. 

The  fnrther  treatment  is  hvgienic,  and  should  consist  in  rest,  fresh  air, 
sunshine,  and  an  easilv  assimilated  diet  of  high  caloric  value. 
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MADURA  FOOT. — Madura  foot  is  clo8ely  allied  to  actinomycosi8,  and  its 
treatmcnt  is  siinilar  to  that  described  for  the  latter.  Pennanent  cure  follow8 
thc  ampiitation  of  the  involved  foot, 

BLASTOMTCOSIS. — (For  literature,  etc.,  see  Lexer-Bevan,  10.)  In  the 
ciitaneous  cases,  this  disease  has  occasionallj  followed  a  local  wound  and  may, 
thercfore,  be  considered  a  wound  disease. 

When  the  disease  remains  a  localized  cutanoous  infeetion,  the  entire  lesion 
may  be  exeised.  Abscesses  occurring  in  the  generalized  forms  reqiiire  incision 
and  drainage.  Radiotherapy  may  be  tried  in  localized  infections.  Constitu- 
tional  treatment  eonsists  chiefly  in  the  administration  of  large  doses  of  potas- 
sium  iodid  (600  gr.  a  day  in  some  of  Bevan's  cases). 

Bevan  also  recomniends  cupric  sulphate  in  y^  gr.  doses  3  times  a  day,  and 
a  dressing  of  1  per  cent.  cupric  sulphate  solution  as  a  wet  dressing. 


BTJRNS    DUE    TO    HEAT    AND    OOLD,    AOIDS,    ELEOTBIOITY,    AND 

LIOHT  RATS;  POISONINO  BT  OABBON  MONOXID,  ETC.    AO- 

OIDENT  CASES  PBODUOINO  BIULTIPLE  INJUBIES 

BURN8  AND  80ALD8 

The  injuries  produced  by  the  various  agents  (thermal,  chemical,  friction, 
electrical,  light  rays)  which  cause  the  tissue  injuries  known  as  bums,  are 
divided  into  three  degrees — first  degree,  second  degree,  and  third  degree — 
according  to  the  extent  to  which  they  involve  the  tissues. 

In  general  the  reaction  in  the  tissues  to  the  injurv  produced  is  greater  than 
is  required  for  the  repair  process,  i.  e.,  excessive  reaction.  This  excessive  re- 
action exhibits  itself  primarily  as  an  excessive  exudation  of  serum  into  the 
tissues  which,  in  given  localities,  the  throat  for  example,  produces  obstructive 
svmptoms  of  alarming  nature.  The  later  excess  in  the  tissue  reaction  produces 
an  amount  of  scar  tissue  far  in  excess  of  that  necessary  for  the  repair  of  the 
injured  area,  hence  the  disfiguring  scars  and  contractures  so  commonly  found 
following  bums. 

Thc  constitutional  effects  of  these  injuries  comprise  shock,  edema  of  the 
brain,  anuria,  ulcer  of  the  duodenum,  and  areas  of  toxic  nccrosis  in  the  various 
solid  viscera. 

Hence  the  essential  features  in  the  treatment  of  bums  must  be  directed 
toward  the  alleviation  of  the  pain,  the  treatment  of  the  shock,  and  the  uso  of 
such  local  treatment  of  the  burned  surface  as  will  tend  to  prevent  tlie  excessive 
tissue  reaction  above  mentionod. 

The  treatment  \vill  of  nocessitv  be  directed  t(>\vard  relievin«;  thoso  svmp- 
toms which  are  most  pressiiiir.  That  is,  shock  and  j)ain  iii  tlio  extoiisivo  Inirns 
and  tracheotomv  in  burns  of  the  mouth  with  obstriictivo  larvnoeal  sviiiptonis, 
will  need  the  most  attention,  while  the  use  of  merclv  local  inoasiires  at  tlie  site 
of  the  injury  will  suffice  wben  the  constitutional  phenomena  need  no  attention. 


698    THE  TREATMENT  OF  WOUNDS  AND  THEIR  DISEASES 

First  Aid. — The  most  iiseful  application  and  one  which  can  be  obtained 
everywhere  is  a  sohition  of  baking-soda  made  by  adding  a  heaping  teaspoonful 
of  baking-soda  to  a  pint  of  cold  water.  This  solution  should  be  applied  cold  on 
clean  cloths  or  cotton  to  the  burned  area  and  kept  moist.  The  applications 
should  be  quitc  cool  so  that  the  excessive  tissiie  reaction  may  be  limited  in  so 
far  as  it  is  possible  to  limit  it. 

It  has  been  my  experience  that  those  cases  which  have  been  treated  by  oil  in  any 
form,  usually  the  abomination  known  as  Carron  oil,  have  taken  longer  to  heal  and  have 
caused  more  discomfort  than  occurred  when  the  soda  solution  wa8  employed.  Estes 
("Keen^s  Surgery,"  Vol.  VII)  states  that  he  has  found  that  flour  paste,  oils,  etc.,  are  not 
desirable  forms  of  treatment. 

In  extensive  bums  of  the  trunk  and  especially  over  the  abdomen,  the  appli- 
cation of  this  solution  cold  is  contra-indicated  and  in  that  čase  it  should  be 
applied  after  heating  it  (tepid  application). 

The  patient  should  be  given  a  cup  of  hot  coflFee,  tea,  milk,  or  even  water  and 
kept  quiet. 

Local  Treatment. — ^FIRST-DEGREE  BURNS. — The  most  comfortable  applica- 
tion is  something  cooling.     Many  lotions  fill  that  requirement. 

The  two  wliich  have  given  me  the  most  satisfaction  are  cold  compresses  of 
sodium  bicarbonate  in  one  to  two  per  cent.  solutions,  or  one  of  the  many  forms 
of  lubricating  jellies  put  up  in  collapsible  tubes  under  various  trade  names. 

These  should  be  applied  until  aH  the  burning  sensation  has  disappeared, 
when  a  bland  oil,  such  as  petrolatum  or  "cold  cream"  may  be  rubbed  over  the 
part  to  relieve  the  itching. 

SECOND-DEGREE  BURNS.— The  most  advantageous  application  to  second- 
degree  burns  is  a  one-half  to  one  per  cent.  aqueous  solution  of  picric  acid.  The 
solution  should  be  applied  on  sufficient  gauze  to  make  a  firm  moist  coinpress 
and  the  compress  moistened  with  cold  sterile  water  for  the  first  12  hours,  when 
it  mav  be  allowod  to  drv.  When  the  burned  area  is  large,  the  weaker  solution 
should  be  used  and  a  certain  amount  of  judgment  must  be  emploved  to  de- 
temiine  just  what  amount  of  the  body  mav  be  safelv  covered  without  svmptoms 
of  picric  acid  poisoning.  In  healthv  adults  little  danger  is  to  be  feared  unless 
more  than  one-third  of  the  bodv  is  covered,  wliile  in  debilitated  individuals,  and 
in  the  two  extrenies  of  age,  the  area  should  be  restricted  to  one-quarter  or  less 
of  the  bodv  area. 

Should  the  above  not  be  available,  compresses  wet  with  sodium  of  bicar- 
bonate solution,  or  weak  soluti(ms  of  alcohol  (2.5  per  cent.)  mav  be  used.  Blis- 
ters  should  not  bo  opened  at  the  first  treatment.  After  the  use  of  one  of  the 
al)ov(^  solutions  for  fnnn  24  to  4S  hours,  the  blisters  which  remain  mav  ne 
oponed  and  the  burned  surface  dressed  in  a  varietv  of  ways;  that  is,  covered 
with  silvor  foil,  zine  stearate  powder,  or  rubber  tissue,  or  dressed  in  a  moist 
šali  no  compress. 

When  the  irritant  syniptom8  have  disappeared  and  de8quamation  has  begun- 
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paratfin  oil,  cocon  butter,  or  one  of  the  toilet  eold  creama  will  rendcr  the  dis- 
quaniation  lesa  annoviiiir  and  relieve  the  itching. 

THIBD-DEGHEE  BUUN8.— The  local  treatinent  for  tbia  claas  of  burna  may 
be  aubatantiitllv  that  giveii  for  the  secoiid-degrce  burna  or  the  burued  eurface 
mav  be  dreased  with  inoiat  aaline  sohition.  The  main  effort  iu  burna  of  thia 
tvpe  is  to  prevent,  or  at  leaat  to  ]imit  the  nmoiint  of  infection  which  occiira. 

Two  other  rather  different  forma  of  troatmcnt  mov  he  used  to  advantage  in 
selected  casea,  namely  the  dry  treatment  and  the  continnoiia  bath. 

In  the  dry  treatment  the  patient  ia  placed  naked  on  a  sterile  or  a  cleau, 
freshly  laiiudered  abcet. 

The  bed  clothes  are  placed  on  a  eradle  over  the  patient  so  that  thoac  por- 
tiona  of  tbe  body  not  reating  upon  the  bed  aro  entirely  free  from  covering. 
The  patient  is  kept  warm  by  the  heat  of  an  electrie  stove,  or  more  advan- 
tageoiialj  by  the  dry  heat  generated  by  a  gas  or  alcohol  flame  passed  under 
the  bed  covcrs  by  a  auitahly  protected  picee  of  ptove  pipe.  The  essential  idea 
is  to  dry  the  serum  diacharging  from  the  tiaauea  into  a  protectinj;  seab  by  thia 
procesa  of  deaieeation.  It  is  neces8ary  that  the  heated  air  ahould  have  an  out- 
let  at  the  upper  oppoaite  end  from  the  aite  at  which  it  entors  the  eradle. 

[The  electrie  hot  air  apparatua  used  by  women  to  dry  the  hair  ia  a  aafe  and 
nliable  aubatitute  for  the  lamp. — Editoe.] 

In  hot  weather  the  heating  apparatua  niay  be  diapenaed  with. 

Varioua  duating  pondera  have  been  uaed  auch  aa  talcum,  atarcb,  zine  oxid 
pnd  atearate,  etc,  to  aid  in  tlie  drying  proeeas.  If  uaed  at  aH  they  ahould  be 
idusted  iipon  the  shect  npon  which  the  patient  resta  to  aid  in  the  abaorptlon  of 
tte  aecretiona.    EIsewhere  they  are  a  hindranee  rather  than  an  aid. 

Should  too  nmch  acoretion  form  or  ahould  tlie  acahs  hecome  malodoroua 
<hey  may  bo  softened  by  moiat  aaline  dresainga  and  i-emoved  or  the  patient  mfly 
l)e  placed  in  a  tub  of  clean  water  cnntaining  a  little  borax  and  the  acaba  washed 
ipff,  when  the  drying  proceaa  may  be  repeated. 

The  continuouB  tub  (Hebra)  is  eapeeially  valuable  in  burna  which  involve 
tbe  trunk,  the  asilla?,  the  buttocka,  or  the  groin. 

1  Tbe  water  ahould  contain  sufficient  salt  to  make  a  norma!  aaline  aohition 
(teaspcKjnful  to  the  pint)  and  the  water  ahould  be  kept  between  95°  and  100° 
"F.  and  frequently  changed.  (The  temperature  ahould  be  regutated  to  anit  the 
patienfa  comfort  but  the  mean  a\'erage  temperature  will  be  foiind  between  the 
•  £giirc8  given.")  The  patient  should  be  kept  in  the  bath  unti!  the  esudation 
las  ceaaed  and  reparative  reaction  in  the  tissuea  haa  been  eatahlished.  Thoae 
oases  in  which  the  tnb  bath  ia  well  borne  iiauallv  do  hetter  than  thoae  in  which 
Ithe  relasation  incident  to  the  conatant  immersion  cauaea  cardiovaacular  and 
Sauscular  depression.  In  the  latter  a  combination  of  the  wet  and  drv  methoda 
:ia  often  more  effiraeioua  than  eithcr  one  alone.  Tn  thoae  casea  in  which  the 
Iturned  aurface  hccumes  infpcted  (liis  Initcr  pnnibiued  methnd  ia  vPry  eiticacioua. 

The  Late  Local  Treatment  of  the  Bumed  Area. — Thia  is  hirgelv  depeiident 
^Vifon  tbe  area  involved  and  ineludea  practically  ali  the  expedients  of  plastic 
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8urgery  devised  to  correct  and  relieve  deformities,  skin  grafting,  strapping  with 
adhesive  plaster,  or  the  use  of  rubber  tissue  strips  laid  over  the  graniilating 
area.  If  the  area  is  near  a  joint  or  over  an  iinportant  muscular  area,  skin  graft- 
ing should  be  resorted  to  as  soon  as  possible.  Cicatrices  which  break  down  and 
ulcerate  should  be  excised  and  the  area  covered  by  skin  grafts. 

The  Gkneral  Treatment. — Morphin  should  be  given  hypodermically  to  re- 
lieve the  pain.  The  shock  should  be  combated  by  such  measures  as  hot  saline 
solution,  water  or  coffee  by  rectum,  or  saline  by  hypodermoclysis. 

In  extensive  bums  water  should  be  given  freely  by  mouth  preferablv 
slightly  acidulated  by  lemon  or  orange  juice.  In  cases  which  cannot  be  made 
to  take  water  in  this  way  it  should  be  given  by  proctoclysis  by  the  Alurphv 
drip.  In  many  cases  the  two  methods  may  be  advantageously  combined.  It 
is  important  that  the  patient  reeeive  a  large  volume  of  fluid  throughoiit  the 
early  stages  of  the  treatment.  The  nourishment  should  be  fluid  with  a  high 
caloric  value. 

BuENS  DuE  TO  Chemicals 

Burna  Due  to  Aoids. — The  action  of  carbolic  acid  may  be  neutralized  by 
alcohol. 

The  caustic  acids,  sulphuric,  nitric,  hydrochloric,  etc.,  are  best  neutralized 
by  dilute  alkalies.  Čare  should  be  taken  not  to  allow  this  process  of  neutraliza- 
tion  to  occur  too  rapidly  as  the  heat  generated  may  increase  the  degree  of  the 
burn. 

The  Bums  Due  to  Caustic  Alkalies. — The  burned  area  should  be  washed  with 
a  dilute  acid  (vinegar  or  acetic  acid  preferably).  After  the  process  of  neutrali- 
zation  of  the  chemical  substance  the  treatment  should  be  that  advised  under  the 
local  and  general  treatment  of  bums  in  general. 

BuBNs  Due  to  Light  Rays 

Sunbum. — Mild  degrees  of  šolar  bums  may  be  treated  by  evaporating  lo- 
tions  or  any  of  the  lubricating  jellies. 

The  severe  forms  should  be  treated  by  cold  compresses  of  sodium  bicar- 
bonate  or  aluminum  acetate  solutions  imtil  the  intense  burning  has  subsided. 
Skin  blebs  should  then  be  opened  and  the  area  covered  by  silver  foil  or  weak 
picric  acid  solutions. 

The  late  irritating  itching  may  be  relieved  by  a  bland  oil  or  a  toilet  cream. 

X-ray  Bums  occur  in  two  forms:  (1)  an  actual  burn,  and  (2)  X-ray 
dermatitis. 

The  chief  treatment  should  be  preventive  and  ali  individnals  repoatedlv 
expo8ed  to  the  action  of  the  X-ray  should  be  properly  protected. 

Tlie  operator  should  not  expose  himself  to  the  direct  ravs  unless  his  liands 
are  protected  by  specially  prepared  gloves.  Preferably  he  should  work  bchind  a 
lead  soreen. 
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Patients  expo8ed  to  the  X-ray  for  diagnostic  purposes  should  not  be  sub- 
mitted  to  long  expo8iire8.  When  patients  are  exposed  to  the  X-ray  for  thera- 
peiitic  purposes  the  rajs  should  be  administered  through  a  suitable  filter  and 
the  exposures  niade  at  suitable  intervals. 

When  a  burn  oeeurs  no  further  treatments  should  be  given.  The  burned 
area  may  be  treated  by  various  light  rays,  as  red  light  rajs  (Bar),  and  blue 
light  ravs  (Kaiser). 

The  burns  are  painful.  For  the  pain,  aspirin,  the  bromids,  codein,  and 
morphin  may  be  necessary.  Due  to  the  chronicity  of  the  local  process  the 
opium  alkaloids  must  be  used  with  considerable  caution.  In  2  eases  under  the 
writer's  čare  the  involved  area  was  excised  and  the  raw  surface  skin  grafted 
with  most  satisfactory  results. 

The  X-ray  dermatitis  is  best  treated  by  excision  of  the  involved  skin  area 
and  skin  grafting.  Should  the  involved  area  show  signs  of  epitheliomatous 
change  amputation  may  be  neeessary. 

Eadium  burns  are  similar  to  those  produced  by  the  X-ray  but  extend  more 
deeply  into  the  tissues  and  are  more  difficult  to  handle.  The  same  treatment 
outlined  for  the  X-ray  burns  is  indicated. 

Injuries  Due  to  Electricitt.     Electric  Siiocks,  Burns,  and  Injuries 

Due  to  Liohtning 

Death  after  cxposure  to  the  high  tension  electric  currents  is  usually  due  to 
the  inhibition  of  the  respiratory  center.  The  affected  individual  should  there- 
fore  be  freed  from  contact  with  the  current,  the  mouth  opened  and  the  tongue 
pulled  out,  and  artificial  respiration  done.  This  should  be  kept  up  as  long 
as  the  lica  rt  continucs  to  bcat.  (In  electric  plants,  or  wherever  high  ten- 
sion currents  are  in  constant  use,  a  pulmotor  should  be  kept  for  this  pur- 
ix)se.) 

In  shocks  due  to  low  tension  currents,  especially  altemating  currents,  death 
is  due  to  cardiac  paralvsis  due  to  fibrillary  tremor  of  the  heart  muscle  and 
when  this  occurs  treatment  avails  little. 

Burns  due  to  electricitv  depend  upon  the  duration  and  degree  of  contact, 
dampness  of  the  skin,  etc,  usually  extend  deeply  into  the  tissues  and,  at  the 
point  of  exit,  frequently  cause  complete  charring  of  the  tissues,  that  is,  a  dry 
gangrene. 

The  treatment  is  8ubstantially  that  of  third  degree  burns.  Amputation  is 
indicated  for  those  cases  in  which  the  part  is  killed  by  the  current. 

The  constitutional  and  local  effects  of  lightning  are  similar  to  those  pro- 
duced by  the  commercial  currents,  and  the  same  statements  applv  to  their 
treatment  as  to  those  given  above. 

For  the  late  general  svmptoms,  such  as  the  psvchoses,  functional  neuroses, 
epileptiform  attacks,  eye  svmptoms,  etc,  the  reader  is  referred  to  the  various 
works  dealing  with  these  diseases. 
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THE   EFFECTS  OF   COLD  ON  THE   TISSITE 

The  Treatment  of  Individuals  £xpo8ed  to  Low  Temperature  or  Submersion  in 
Cold  Water. — The  patieiit  should  bc  placod  in  a  cold  room,  artiiicial  respiration 
performed,  and  the  extremities  nibbcd  with  dilute  alcohol  solutions  containing 
a  little  camphor.  (Alcohol  50  per  cent.  with  1  per  cent.  camphor.)  Men 
the  patient  begins  to  react  (reaction  should  be  brought  about  8lowly),  the  tem- 
perature of  the  room  should  be  slowly  raised  and  the  patient  given  warm  drinb 
of  coffee,  tea,  or  whiskey. 

The  local  results  of  cold  are  divided  into  first,  second,  and  third  d^ee 
injuries  as  given  under  burns. 

The  essential  features  of  the  treatment  for  frozen  tissues  is  to  bring  about 
a  gradual  thawing  of  the  part  and  a  slow  retum  of  the  circulation  in  the 
affected  extremity.  This  may  be  done  by  gentle  friction  with  snow  or  the 
immersion  of  the  part  in  ice  water  and  gentle  friction.  As  the  circulation  re- 
turns  the  temperature  of  the  water  should  be  slowly  raised. 

The  resulting  conditions  after  the  thawing  process  are  due  to  the  reaction 
in  the  involved  tissues. 

The  erythema  (chilblain)  must  be  protected  from  changes  of  temperature 
by  wann  covering.  This  may  also  be  satisfactorily  supplemented  by  the  use 
of  a  protective  coating  of  vaselin  containing  about  2  per  cent.  camphor. 
Fordyce  ("Kcen's  Surgery/'  Vol.  II)  advises  the  use  of  a  hot  saturated  solution 
of  alum  to  relieve  the  venous  congestion  and  itching. 

When  bulh«  form  (second  degree)  the  part  may  be  dressed  with  alcohol  or 
1  por  cent.  aleoholic  solution  of  picric  acid.  The  bullse  should  not  be  opened 
until  the  second  drcssing.  Should  infection  occur  the  part  should  bo  dressed 
\vith  the  abovo  sohitiou  and  kept  moist.  When  gangrene  seems  imminent  the 
extromitios  should  be  snspended. 

In  third  degree  frost  bites  with  slough  formation  desicoation  should  be  eu- 
couraged  by  drv  heat,  absoluto  alcohol,  or  dilute  formalin  solution  and  the 
part  amputatod  vvhen  a  line  of  domarcation  has  developed. 


THE  TBEATMENT  OF  ILLUMINATINO  OAS  POISONING;  CABBON  MON0XID  AND 

CABBON  BISULPHID  POISONINO 

Carbon  nionoxid  poisoning  oocurs  in  two  forms,  oach  of  \vhich  ncods  sep- 
arate  treatment,  i.  o.,  the  acute  form  and  the  chronic  fonn.  lUuminating  ga« 
poisoning  roquires  practically  the  same  treatment  and  is  included  under  this 
heading. 

Acute  Carbon  Monoxid  Poisoning. — The  patient  should  be  removed  from  the 
room  or  aroa  which  contains  the  gas,  and  artificial  respiration  done.  A  pul* 
motor  sliould  be  used  for  this  purpose  if  accossible.  Oxygen  inhalation  shonM 
bo  given  and  gonerous  doses  of  strvchnin,  caffein,  etc,  should  be  given  bypo- 
dermatically. 
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Saline  solution  should  be  given  intravenoiislv  and,  in  plethoric  individuals, 
bleeding  may  be  practiced  from  the  distal  end  of  tbe  vein  into  which  the  saline 
solution  is  being  injected. 

In  desperate  cases  blood  transfusion  may  be  done. 

The  chronic  forms  of  poisoning  sueh  as  occur  in  workers  abont  electric 
furnaces,  in  brick  and  tile  workers,  tbe  "miner's  disease,"  etc,  are  treated 
by  removing  tbe  patient  from  expo8ure  to  tbe  gas,  tbe  nse  of  bematinies 
to  overcorae  tbe  anemia,  and  an  outdoor  life  in  tbe  fresb  air  and  sim- 
sbine. 

Chronic  Carbon  Bisulphid  Poisoning. — Tbis  oceurs  in  worker8  employed  in 
making  rubber  goods. 

The  treatment  should  be  largely  preventive  and  workraen  should  be  taught 
to  use  instruments  for  dipping  tbe  material  into  the  bisulphid  solution.  Spe- 
cial  means  for  ventilation  should  be  employed  to  carry  off  the  fumes  from  the 
bisulphid  tanks  and  the  workmen  should  be  eautioned  against  inhaling  the 
vapor, 

Wben  symptoms  of  chronic  poisoning  develop,  complete  removal  from  ex- 
posure  to  the  bisulphid  is  indicated.  An  outdoor  life  with  mild  exercise  and  a 
generous  diet,  very  largely  fluid,  are  probably  of  the  greatest  value.  Alcobol 
should  be  prohibited.  The  treatment  otherwise  should  be  symptomatic  for  the 
headache,  constipation,  and  nervous  symptoms.  The  local  eczema  should  be 
treated  by  appropriate  measures. 


THE  TBEATMEKT  OF  AOCIDENT  OASES,  BAILBOAD  INJUBIES  AND  OTHEB 

FORMS  OF  21E0HANICAI.  VIOLENCE  PBODUCINa 

IffULTIPLE  INJUBIES 

The  detailed  features  of  the  treatment  of  sucb  injuries  will  be  found  scat- 
tered  througbout  the  entire  work  and  sucb  information  as  is  not  given  bere  will 
be  found  under  the  various  regional  chapters  and  in  Vol.  II,  Cbapters  I  and 
II,  Postoperative  Čare  and  Postoperative  Complications. 

Tbe  essential  factor  in  tbe  treatment  of  sucb  injuries  is  tbe  establishment  of 
a  temporary  dressing  station  or  the  application  of  sufficient  first  aid  dressings 
to  protect  the  injured  areas  until  suitable  medical  aid  can  be  obtained  or  until 
the  patient  can  be  transported  to  proper  surroundings  for  the  proper  surgical 
treatment. 

It  would  seem  wise  to  have  workmon  emplovcd  in  pursuits  whicb  are 
inherentlv  dangerous  properlv  instructed,  as  are  soldiors,  in  tlio  application  of 
first-aid  dressings,  the  methods  of  stopping  hemorrhaire,  and  in  the  \vays  and 
means  of  inimobilizing  injured  parts  so  that  the  patient  niav  Ik*  tran.sported 
without  increasing  the  extent  of  the*  injurv,  and  \vith  a  iiiininiiiin  (letrree  of 
pain. 

The  first-aid  treatment  often  deterniines  the  ontcome  of  the  iiijiirv  and,  as 
pointed  out  in  the  chapters  devote^l  to  the  treatment  of  nvoiukIs  and  of  fra(^ 
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turea,  meddlesome  interference  under  improper  Buiroiindings  with  insufHcieiil 
materiala  or  experience  ii8Ually  means  disaster  to  tlie  injurcd  iudividiial. 

It  shoiild  be  atated  as  axiomatic  tlmt  no  opprative  procediirea  shoitld  k 
attempted  until  the  paticnt  hasbeen  removed  to  siiitahle  surroiindiiigs,  ShcIj 
treatment  as  is  undertaken,  whether  it  be  lay  or  medical,  should  be  limited  In 
tbe  protection  of  the  wouud,  the  stopping  of  hemorrhage,  the  teraporary  immo- 
bilization  of  the  pari,  aud  the  combating  of  the  ahock.  This  latter,  the  com- 
bating  of  the  shock,  must  needs  be  largely  medical  in  that  dnigs  such  u 
morpbin,  etc.,  given  hypoderraatically  caniiot  Bafely  be  entriisted  to  the  laity- 
The  introduction  of  hot  coffee,  tea,  or  water  into  the  rectiim,  aurrounding  tle 
patient  hy  hot  water  in  auch  containera  as  are  accessible  or  by  anythiiig  tbit 
caii  be  beated  are  mattera  necessarily  aiibjeet  to  medical  direction. 

lu  general  in  accident  casee  of  the  severe  type  received  in  railroad  accidents, 
erushing  injiiriea,  etc,  tbe  chief  aim,  after  the  patient  is  reneived  into  a  propet 
place  for  treatment,  ahould  be  treatment  directed  toward  the  shock.  This  oon- 
sists  in  using  ali  the  metbods  claborated  in  the  chapter  devoted  to  that  subjed 
Vol.  II,  Chap.  I,  Postoperative  Čare,  etc,  and  in  njany  other  cfaapters. 

Hemorrhage  shonld  be  atopped  and  where  a  tourniqnet  bas  been  appUed 
elsewbere  thia  ahould  be  inspected  and  adjusted  if  iieeesaary.  A  toiimiqiiPt 
shonld  be  placed  cloae  to  the  injiired  area  or  on  the  injnred  tiasne  if  possible 
rather  thau  at  too  great  a  distance  from  it,  especiallv  if  it  must  \te  left  in  po«i- 
tion  for  anv  lenirth  of  tirne. 

In  severe  injuries  witli  intemal  bemorrhage,  the  hemorrhage  must  of  neces!ity 
be  BOught  for  by  operation  and  only  siich  operative  steps  carried  out  as  are  ntm- 
aary  to  check  the  hemorrhage  and  prevent  infection. 

Idealism  has  a  definite  fleld  in  other  realms  of  flurgery,  but  aiiy  time-consnmiflj 
opetation,  no  matter  wliat  its  theoretical  merits  may  be,  has  no  place  in  this  jur- 
ticular  fleld,  The  nrgency  of  baste  and  of  as  little  interference  as  poaaible 
shonld  always  be  kept  before  tbe  snrgeon.  When  the  stage  of  reaction  has  »t 
in  and  tbe  patient  has  aufficiently  recovered  to  bear  tbe  operation,  tlien  the  ideil 
mav  be  attempted  if  the  existing  conditions  warrant  it. 

The  above  appliea  with  special  signifieance  to  tranmatio  amputations  aw 
to  those  complicftted  lacerating  or  cnishing  injuries  of  tbe  estremities  in  wWCB 
a  snrgical  anipiitation  is  nece83ary.  See  alao  Vol.  I,  Chap.  V,  Contrs-indi- 
catioiis,  etc. 

It  is  wiser  to  tide  such  patienta  over  tbeir  first  erisla  before  ahoving  them 
into  a  atate  of  furtlier  depreaaion  by  additional  traiimatism  no  matter  hov 
Bkil]fully  conducted  as  to  the  aurgical  tecbnic  or  equipment. 

In  accident  eases  into  wbicb  street  dirt,  manure,  etc,  are  groimd  into  t" 
wound  a  prophylactie  doae  of  tetanua  antitoxin  ahould  be  given.  (This  i* 
especially  indicated  in  localities  known  to  be  infected  by  the  tetauns  bacillos,) 

In  aH  severe  trauniatic  injuries  special  čare  ahonld  be  takon  to  pi^cnt 
infection,  to  drain  ali  dead  apacea,  and  to  avoid  any  form  of  eompression  either 
by  auture  or  dressing  which  will  interfere  with  a  free  circulation  throu^  the 
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t.     Extreinities  should  be  elevated  and  exposed  muscles,  etc,  protected  by 
rile  saline  dressings  to  protect  them  f rom  the  drying  action  of  the  air. 
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CHAPTER  XVII 

PBEPARATION   AND   APPLICATION   OF   PLASTER-OF-PARIS  DRE88INGS 

J.  F.  CoWAN 

INTBODnCTION 

Because  of  the  ease  and  accuracy  with  which  it  can  be  moulded  to  the  body, 
and  because  of  its  lightness,  firmness,  and  rapidity  of  setting,  plaster-of-Paris 
is  the  best  material  for  use  in  making  splints,  casts,  and  jackets.  For  thesc 
reasons  it  is  the  most  frequently  employed  material  in  the  treatment  of  frac- 
tures.  There  are  few  fraetures  which  cannot  be  treated  satisfactorily  at  some 
period  by  the  proper  use  of  this  material. 

It  bas  an  extensive  application  in  orthopedic  surgery  in  the  treatment  of 
tubereulous  disease  of  the  bones  and  joints  and  after  the  eorrection  of  deformi- 
ties.  It  is  applied  in  the  form  of  plaster-of-Paris  bandages,  which  are  employed 
in  making  the  following  forms  of  dressings:  (1)  moulded  plaster  splints;  (2) 
cireular  plaster  dressings. 


PREPARATION  OF  PLASTEB-OF-PARIS  BANDAGES 

These  may  be  purchased  ready  for  use  from  various  surgical  dressing  manu- 
faeturers,  or  may  be  easily  and  cheaply  made  by  the  surgeon,  an  assistant,  or 
nursc.  The  plaster-of-Paris  should  be  of  good  quality,  dental  casting  plaster 
bcing  the  best.  Good  plaster  will  set  in  from  5  to  10  minutes.  High-grade 
commercial  plaster-of-Paris  may  be  used,  but  is  slovver  in  setting. 

The  best  material  to  use  as  a  foundation  for  the  plaster  is  crinoline.  Ordi- 
nary  commercial  crinoline  contains  considerable  sizing  or  glue,  which  makes  it 
quite  stiff.  To  render  it  more  serviceable,  this  should  be  washed  in  lukewarm 
water,  thoroughly  rinsed  and  dried.  Crinoline  sized  with  starch  is  preferable. 
The  crinoline  is  cut  into  strips,  4  to  6  yards  in  length,  with  widths  of  3,  4,  5, 
and  O  inches  respectivelv.  In  order  to  avoid  frayed  edges,  threads  may  be 
pulled,  and  the  crinoline  cut  along  the  space  of  the  pulled  threads.  Loose 
threads  at  the  edges  of  the  crinoline  strips  should  be  pulled,  as  they  interfere 
materially  with  the  smooth  rolling  of  the  bandage. 
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The  crinoline  strip  is  now  laid  upon  a  flat,  smooth  surfacc.  A  handful  of 
plaster  is  placed  upon  it  and  8wept  along  with  the  hand  or  a  light  piece  of  wood 
with  a  straight  edge,  the  plaster  being  thoroughly  worked  into  thc  meshes  of 
the  crinoline.  It  is  important  in  preparing  the  bandages  to  put  j  ust  sufficient 
plaster  into  the  crinoline  to  fill  the  meshes  and  to  have  it  evenlv  distributed. 
This  amount  can  only  be  leamed  by  experience  in  making  and  appljing  the 
bandages.  As  the  meshes  of  the  crinoline  are  filled  with  the  plaster,  the  bandage 
is  looselj  rolled.  Tight  roUing  of  a  bandage  prevents  the  water  from  reaching 
the  inner  layers. 

The  bandages  are  wrapped  in  papers,  which  are  foldcd  over  the  cnds,  and 
held  by  means  of  strings  or  rubber  bands.  Thcy  are  then  placed  in  an  ordinarv 
tinbread-box,  or  other  can  with  a  tightly  fitting  cap.  If  kept  in  a  dry  plače, 
many  bandages  may  be  made  at  a  time,  and  their  efficiency  preserved  for  a  long 
period.  Should  the  plaster  become  damp,  the  bandages  are  placed  in  a  wann 
oven  till  thoroughly  dry.  Special  apparatus  have  been  devised  for  rolling  plas- 
ter bandages,  but  the  above  method  is  equally  easy  and  satisfactorv.  By  the 
preparation  of  his  own  plaster  bandages  the  surgeon  can  always  get  bandages 
of  the  desired  length  and  width,  and  with  the  proper  amount  of  plaster.  Thej 
will  be  frcsh  and  therefore  set  more  rapidly. 


MATERIALS  NECESSARV  FOR  THE  APPLICATION  OF  PLASTEB 

DRESSINOS 

The  following  materials  aro  required  for  the  application  of  plaster-of-Paris 
drcssings:  (1)  plaster-of-Paris;  (2)  plaster-of-Paris  roller  bandages ;  (3)  crino- 
line; (4)  slieet-wadding  in  large  sheets;  (5)  shect-wadding  made  into  roller 
bandages;  (0)  flannel  roller  bandages,  or  seamless  tricot  material;  (7)  muslin 
roller  bandages;  (8)  muslin  for  slings;  (9)  bass-wood  splints,  or  strips  of 
perforated  tin;  (10)  strips  of  malleable  iron;  (11)  adhesive  plaster;  oxid  of 
zine  and  moleskin ;  (12)  knife  with  short  stout  blade  for  cutting  plaster,  and 
saw;  (13)  pair  of  heavy  bandage  scissors;  (14)  spica  stand. 


PLASTER-OF-PARIS  DRESSINO   FOR   FRACTURES 

After  reduction  of  a  fracture,  some  form  of  retentive  dressing  is  applied  to 
maintain  the  fragments  in  proper  position.  Plaster,  properly  applied,  is  the 
best  retaining  material.  Whether  applied  in  the  form  of  moulded  plaster 
splints  or  circular  plaster  dressings,  certain  general  principles  should  be  ob- 
scrved : 

General  Principles  to  bc  Observed — (l)  In  ali  cases  the  skin  should  be  cleansed 
with  soap  and  water,  folIowed  with  alcohol  and  a  dusting  powder.    If  blebs  are  present, 
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thoy  should  be  punotured  and  the  exudate  pressed  out.     These  aroas  and  abrasions 
shoiild  I  o  dustcd  with  boric  acid  powder,  and  an  aseptic  gauze  pad  applied. 

(2)  lil  general,  the  joint  above  and  below  the  site  of  fracture  should  be  immo- 

bilized.  care  being  ezercised  to  prevent  stiffness  of  the  joint  and  atrophj  of  the 
muscles  bj  earlj  massag^  and  paasive  motion. 

(3)  The  dressing  should  not  interfere  with  the  eirculation  of  the  limb,  nor  cause 
undue  pressure  on  prominent  parts  of  bones  or  prominent  tendons.   Allowance  should 

alwa78  be  made  for  8welling,  especiallj  during  the  first  few  day8  after  injorj. 

(4)  The  pati  en  t  and  his  attendants  should  be  wamed  of  these  dangers,  and  should 
be  instrueted  to  watch  the  color,  temperature  and  freedom  of  motion  of  the  distal  por- 
tions  of  the  limb,  whieh  should  always  be  left  exposed  by  the  dressing. 

(5)  After  reduction  of  displacement  and  the  applieation  of  a  properly  fitting 
plaster  dressing,  with  immobilization  of  the  fragments,  pain  is  greatly  relieved.  Should 
the  patient  continue  to  complain  of  pain,  e8pecially  if  this  is  not  at  the  point  of  frac- 
ture, but  at  the  site  of  a  bony  prominence,  or  prominent  tendons,  the  dressing  should 
bt»  looHene<l  or  removed  at  onee.  Ulcers,  the  result  of  pressure,  may  cause  considerable 
troublo,  nnd  furnish  atria  for  pyogenic  organisms. 

(0)    The  surgeon  should  see  the  čase  at  least  once  a  day  for  the  first  3  or  4  day8. 

(7)  A  radiograph,  while  not  essential  for  diagnosis  of  fracture  in  the  maiority  of 
cases,  should,  whenever  possible,  be  taken  immediately  after  the  applieation  of  the 
dressing,  and  a  second  one  10  day8  or  2  week8  later,  to  determine  the  result  of  reduc- 
tion and  retention. 

Freparation  for  Plaster  Work. — An  objection  to  plaster-of-Paris  is  that  it 
soils  objects  witb  which  it  comes  in  contact.  To  avoid  this,  certain  preparations 
for  plaster  work  should  be  made.  This  is  especiallj  important  in  pri  vate  prac- 
tice. 

Above  ali  the  surgeon  and  assistants  should  do  their  work  neatly  as  well  as  rapidly. 
They  should  have  their  forearms  bared,  and  should  be  protected  by  gowns  or  rubl>er 
aprons.  If  these  are  not  at  hand,  a  sheet  draped  about  the  body  will  sorve  the  purpose. 
The  patient  and  bed  should  be  protected  by  rubber  sheets  or  bed  sheets,  and  the  floor 
by  rubber  sheets,  bed  sheets  or  newspaper8.  If  the  bandages  are  properly  made,  and 
wrung  until  they  cease  to  drip,  there  will  be  little  cause  for  soiling  the  surroundings. 
If,  howevpr,  the  plaster  bas  been  spattered  on  clothing  or  carpets,  it  should  be  left  until 
it  is  dry  before  attempting  to  remove  it.  Spots  on  woodwork  or  furniture  are  removed 
while  moist,  or  moistened  if  dry. 

Moulded  Plaster  Splints. — If  plaster-of-Paria  is  used  ns  a  primarv  dressing, 
it  should,  as  a  rule,  be  in  the  form  of  moulded  splints  which  can  be  easilv 
loosened  or  removed.  Moulded  splints  are  especiallv  scrviceablc  in  the  treat- 
ment  of  fraotures  of  the  arm,  e]bow,  wrist,  and  aiiklo. 

PREPARATION. — A  flannel  or  8hect.-waddin^  bandaire,  about  2  inohes  lonirer, 
and  a  little  wi(ler  than  the  desired  plaster  spliut  is  inrnsiirod  nff  on  the  part  to 
whieh  the  dressinp:  ia  to  be  appliod.  By  liaviiiir  tlu*  Iciiutli  nnd  l)roadth  of  the 
flannel  or  8heet-waddinc:  banda^e  a  little  in  oncoss  of  tlu^  ])ljist('i\  the  cnds  and 
sides  of  the  latter  are  prevented  froni  cominir  in  contact  \vitli  tlio  skin  and  oaiis- 
ing  irritation.    A  plaster  roller  bandage  is  then  placed  in  warm  water,  without 


PLASTER-OF-PARIS    DREŠSINGS 

the  addition  of  alom  or  salt.  Tbcre  sbould  be  eulHcieut  watcr  to  cover  the  ban- 
dflge  wheu  set  up  oii  eud.  Only  one  baiidage  ahould  be  iinmeraed  ut  a  tiiue. 
Wben  ali  tLe  air  biibbles  bave  ceastid  to  escape,  it  is  carefulij  Uftcd  froiu  ihe 
water  by  holdiug  an  end  witb  each  hand  so  as  to  prevent  aa  far  aa  possible  tiie 
escape  of  tbe  plaster. 

Tho  bandage  is  wrung  until  it  ceases  to  drip.  It  ia  tben  rapidly  and  evenly 
spread  upon  a  smootli  surface  to  tbe  desired  iength,  and  brought  baek  and  fortli. 
eacb  turn  being  smoothed  by  tbe  hand,  and  tbe  plaater  tboroughly  worked  iiitn 
it.  From  eigbt  to  fifteen  turna  are  usiially  required,  biit  the  niiinber  will  dcpeuil 
upon  the  thicknesa  of  the  material  uaod  and  the  part  to  whicb  it  is  to  be  appli«L 
Tbe  flamiel  or  aheet-waddiiig  atrip  ia  placed  upon  tbe  plaster  splint,  and  tbe 
euda  of  tbe  former  folded  over  llie  ends  of  tbe  latter.  It  ia  bost  not  to  spread  tho 
plaster  upon  the  flanuel  or  sbeet-vvadding  bandage,  aa  the  latter  aboulcl  be  drv 
when  applied  to  the  akin.  Plaster  aplints  may  be  reenforced  by  thin  atripsof 
bas8wood,  or  perforated  tin,  cut  in  proper  dimenaions  and  incorporated  betweeB 
the  lajera  of  tbe  plaster  bandagea.  By  the  uae  of  theae  tbe  weight  of  the  splint 
mav  be  redueed,  wbile  tbe  strengtb  ia  niaintained.  Rei^nforcement  can  bestbe 
used  in  parta  wbere  tbe  plaster  will  not  require  much  moulding. 

APPLICATION.— Tho  part  ia  finnly  hold  by  asaistanta,  and  the  fragments 
niaintained  iu  the  correct  position  by  tractioti  and  counter-pressure.  Tite  plas- 
ter aplints  are  rapidly  applied,  moulded  to  tbe  part  by  gentle  pressure,  and  held 
in  position  by  a  muslin  roller  bandage.  Tbe  part  is  carefully  aupported  by  llie 
assistaut,  or  by  sand  baga,  until  the  plaater  hardens.  Tbis  dressing  can  be 
ea8ily  looaened  to  allow  for  swelling,  thua  lesaening  the  danger  of  eouatriction, 
and  eau  be  readily  removed  wben  massage  and  pasaive  inotion  are  desired.  As  s 
general  rule,  a  roller  bandage  sbould  not  be  applied  to  the  limb  previous  to  the 
applicatiou  of  a  plaster  dreaaing,  as  it  inay  interfere  with  8welling  and  doharm. 
Moulded  aplints  may  alao  be  made  hy  firat  applving  a  circular  plaster  dresaing. 
Wben  tbe  plaater  is  aet,  it  is  cut  tbrough  the  entire  Iength,  laterally,  or  an- 
teriorlv  and  poateriorly.  Anterior  and  ijoaterior  or  lateral  aplints  are  tbiis 
made. 

Circalar  Plaater  Dresalngs.— A  circular  plaster  dressing  sbould  rarelv  be 
used  as  a  priniury  dressing  in  tbe  treatment  of  fracturL-a. 

Complete  encasement  of  a  part  in  plaster  before  svelling  has  occurred.  eipoK) 
it  to  the  dangera  of  conatriction  and  subseciiient  gangrene  or  ischemic  contractarc. 
if  Bwellii^  takea  plače  after  the  application.  If  applied  white  tbe  limb  is  enollcn, 
the  subsiilenee  of  tlie  swelling  will  leave  the  dresBing  looae,  bo  that  the  fragment«  »« 
not  proper]y  immobilized.  Such  coiiditions  call  for  the  removal  of  the  dressing. 
The  circular  plaster  dressing  is  the  most  aerviceable  dressing  for  fractures  uft«  sniell- 
ing  bas  subaided,  and  at  a  later  period  in  caaea  of  fracture  in  whifh  Ireftlinent  uj 
continuoua  traction  bas  resulted  in  a  fair  degree  of  union.  It  is  also  appli«!  »f«" 
open  opera  t  i  on  s  for  fractures. 

APPLICATION, — Tbe  limb  is  carefully  raiaed  by  two  assistants,  one  of  vfhflin 
makea  8leady  traction  in  order  to  aecure  tbe  full  lengtb  and  proper  aligni"^^' 
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the  other  supports  the  limb  at  the  site  of  fracture.  The  surgeon  applies  a  roller 
of  8heet-wa(lding  smoothing  about  the  limb.  This  is  made  thicker  over  points 
of  pressure  and  about  bony  prominences,  and  is  made  to  extend  beyond  the 
limits  of  the  čast,  so  as  to  prevent  irritation  of  the  skin  by  the  ends  of  the 
plaster. 

The  first  plaster  roller  should  be  carried  from  below  upward,  in  spiral  turns, 
never  reverses,  as  far  as  it  will  go,  completing  the  dressing  onee.  Tucks  are  taken 
in  the  bandage  posteriorly,  so  that  the  spirals  will  be  evenly  applied.  The  suc- 
ceeding  turns  should  go  over  this  from  beginning  to  end,  čare  being  taken  to 
have  the  dressing  of  equal  thickness  throughout.  In  certain  cases  the  dressing 
"^ill  require  reenforcement  at  particular  places.  This  will  be  described  in  the 
application  of  special  dressings.  The  turns  of  the  first  layer  of  the  plaster  roller 
should  be  drawn  just  tight  enough  to  retain  them  in  plače,  and  the  succeeding 
turns  applied  without  increasing  the  pressure.  The  turns,  as  they  are  made^  are 
smoothed  with  the  hand,  always  in  the  same  direction,  and  the  plaster  thoroughly 
"^orked  into  them.  They  are  accurately  moulded  to  the  prominences  and  de- 
pressions  of  the  limb,  thereby  preventing  8ubsequent  movement  of  the  limb 
"within  the  dressing.  Rubbing  a  large  quantity  of  plaster  cream  into  the  turna 
as  they  are  applied  adds  to  the  weight. 

A  plaster  dressing  should  be  as  light  as  is  compatible  with  strength.  The 
"weight  of  the  dressing  may  be  reduced  by  the  use  of  strips  of  basswood,  or 
perf orated  tin,  incorporated  between  the  layers  of  the  plaster  bandages. 

After  the  completion  of  the  dressing,  the  limb  should  be  properly  supported 
by  the  hands,  or  by  sand-bags,  until  the  plaster  bas  become  firm.  This  usually 
require8  from  10  to  15  minutes.  The  dressing  should  not  be  covered  with  the 
bed  clothing,  but  should  be  left  exposed  to  the  air,  in  order  to  effect  a  thorough 
hardening.  The  ends  of  the  flannel  or  sheet-wadding  bandage  are  brought  over 
the  plaster  like  a  cuflF,  and  are  held  by  means  of  adhesive  plaster,  or  by  the 
last  turns  of  the  plaster  as  they  are  made.  A  circular  dressing  should  alway8 
eirtend  well  above  and  below  the  site  of  fracture,  and  the  fingers  and  toes  should 
always  be  left  expo8ed  and  carefully  watched  for  signs  of  interference  with 
circulation. 

It  is  quite  important  that  a  radiograph  shall  be  taken  immediately  after  the 
application  of  a  circular  dressing  for  fracture,  and  a  second  one  10  day8  or  2 
weeks  later  to  deterraine  the  position  of  the  fragments.  If  this  is  not  possible, 
the  dressing  should  be  cut  down  and  removed,  and  a  careful  examination  of  the 
limb  made.  The  position  of  the  fragments  mav  be  improved  and  the  dressing 
readjusted,  or  a  new  one  applied.  If  the  dressing  is  to  be  replaced,  the  limb  is 
protected  by  another  flannel  or  8heet-waddin£:  baiidai^e,  tlie  dressiiifi^  readjusted 
and  held  in  position  bv  several  strips  of  adhesive  plaster  applied  cireularlv  about 
it.  If  swelling  has  subsided  so  that  tlie  dressing  is  loose,  a  irreatcr  tliickiiess  of 
protecting  material  is  neeessarv.  Wlieiiever  the  drcssiiiir  is  removed  the  skin 
should  bo  thorouf?hly  cleansed. 

Fenestrated  Plaster  Dressings. — In  cases  of  laceration  of  the  skin,  compound 
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frnctiirea,  or  after  operation,  e.  g.  fracture  of  the  patella,  where  dreasing  or  in- 
Hiici^tion  of  the  part  is  necessarj ;  or  when  it  is  desired  to  relieve  the  pressure  at 
n  cortnin  point,  ae  iu  plaster  dressingB  applied  after  the  correction  of  dub-fool. 
aii  opeiiing  or  fenestrum  is  cut  in  the  dreasing  before  the  plaster  is  dry.  To 
innko  provisioii  for  the  cutting  of  an  openiiig  a  gauze  eompresa,  the  size  of  the 
(leaired  fcnestnim,  is  applied  over  the  vound.  When  the  dreasing  ia  eompletcd, 
an  clevation  ou  the  surface  marka  the  position  of  tiie  woiind  and  enables  tbc 
BUrgcon  to  make  the  fenestrum  in  the  proper  position  and  of  the  proper  size,  anJ 
at  tho  same  time  protects  the  wound.  The  edges  of  the  fenestrum  mav  be  pro- 
toctpd  froin  the  woiind  discharge  by  dental  rubber  or  oiled  silit. 

Intermpted  Flatter  DKasiagi. — If  the  akin  or  soft  parts  have  been  eiten- 
81x^1^  injureil.  as  in  certain  compound  fractures,  or  in  cases  of  an  infected 
joint,  siioh  as  the  kiiee,  wbere  the  wound  cannot  be  dressed  through  a  fenestrum 
without  weakening  the  dressing,  or  where  injurv  to  ibe 
deeper  strurtnres  forbids  any  constriction  or  preaaure,  the 
dressing  mav  be  internipted.  Thia  is  done  by  incorpnr- 
ating  one  or  two  curved  iron  bands  (Fig.  1)  into  the  plas- 
ter in  the  following  manner:  The  limb  is  covered  wilb 
she^-Tadding  or  flannel  bandage  up  to  tho  lower  limit  of 
(1»  p»rt  which  is  to  be  left  esposed.  The  same  material 
is  tben  applied  from  tbe  upper  limit  of  the  part  to  be  m- 
pt-evd  as  far  as  ma.T  be  desired.  To  these  covered  portions 
of  ibe  limb  a  few  tums  of  a  plaster  roller  are  applied,  A 
.^;         ;i  straighl  inm  band,  sufHciently  long  to  extend  well  abore 

^^■:      4K/         ^'"^  bek>«r  tlte  area  at  wbich  the  dressing  is  to  he  inte^ 
f^l'       jfl  rnpleil,  is  placed  on  the  plaster  opposite  the  woimde<i  area. 

2H        /  and  is  fixn.l  in  plače  by  a  few  tums  of  the  plaster  baDdaie^ 

J  T      /  One  or  two  stout  iron  bands  bent  in  tho  form  shown  above 

'    /      J  are  nest  inoorporated  in  the  aubsequent  turna  of  the  plas^ 

J-^     J  ter,  and  the  dressing  completed.     The  limb  is  held  in  the 

desired  position  till  the  plaster  hardens. 

Plaater-of-Parii  Spica  for  the  Hip. — The  plaatcr-of- 
Paris  spioa  is  empioved  in  the  treatment  of  f ractures  o' 
the  feniur,  either  as  a  primary  dresaing  or  after  union  ^ 
become  fairiv  firm  by  treatment  with  continuous  tractio". 
It  is  used  as  a  retentive  dressing  after  the  open  method,  i" 
vhich  the  fragmenta  are  fixed  by  plate  or  wire.  It  has i" 
oxtensive  applieation  in  the  treatment  of  tuberculoiis  d* 
ease  of  the  hip,  and  after  reduetion  of  congenital  disloca- 
Tho  details  are  as  follows: 

-Tlie  patient  is  placed  upon  a  box  or  etand  about  C  inchesin 
luriglit,  iiiid  of  suffioicnt  size  to  support  tho  head  and  iipper  porfion  of  thetnmh- 
;\  spica  stand,  wcll  paddcd  witb  lavers  of  8heet-wadding,  is  placed  hencatli  'he 
■(jicruni.     The  extremitiea  are  supported  by  assistants.     A  folded  towel,  or 


iiirliiHinK  lh<^  thigh 
11 III I  li'i>.  (^inneotod  by 
1  -i-liiiiii-d  piccMi  of 
in  m  iiiciirporatcd  into 
llif  iJiuitor. 

tiiin  i'{  Ihat  ioint. 
APPLICATiON. 
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Beveral  thicknesses  of  8lieet-wailding,  tbe  so-called  "dinner  pad"  is  placed  over 
the  abdomcn.  The  entire  abJomen,  pelvis,  and  whole  or  pnrt  of  the  estromitv, 
depending  upon  the  čase,  are  covered  witli  aevcral  thicknesses  of  shoet-vadding 
in  tbe  form  of  4  or  6-inch  roller  bandages.  Extra  pada  of  the  Siinio  material  are 
placed  over  the  crests  of  the  ilia  and  avmphvsia  piibia,  the  sacnim  beiiig  pro- 
tected  by  tbe  pad  on  tbe  arra  of  tbe  spica  atand.  This  pad  rcmains  in  position 
after  the  removal  of  the  stand. 

Witb  the  limb  held  in  tbe  deaired  position  by  an  aasistant,  tbe  surgeon  ap- 
plies  tJie  plaster  rollers,  begiiming  at  tbe  pelvis.  The  bandage  ia  earrieti  around 
tho  pelvis,  over  tbe  hip  to  tbe  thigh.  around  the  latter,  and  hron^iht  back  to  the 
pelvis  in  a  figure-of-eight.  After  several  figures-of-cight  bave  been  raade  abont 
tbe  hip,  the  handage  is  carried  down  to  the  extremity  in  spiral  tnms.     Spiral 


Fio.  2.~-LoNo  Pi^aTBH  Spica  Inolomno  tbe  Foot.     DreuinK  for  fracturoa  ot  the  femur. 


tiims,  b^Bpnning  at  tho  pelvia,  are  carried  iipward  about  the  abdomen,  returned 
to  the  pelvia,  and  carried  down  the  extreniity.  Tbia  is  continued  witb  spiral 
tums  to  the  abdomen  and  extremity,  and  figiires-of-eight  about  the  hip  imtil 
the  dreeaing  is  of  the  desired  strengtb. 

The  weak  portion  of  the  spica,  over  tbe  groin,  is  reenforced  anteriorly  and 
laterailj  by  lavers  of  plaater  rollers  extending  from  well  above  the  pelvis  to  tho 
Icnee  and  incorporated  bctween  the  lavers  of  tbe  spiral  tiirns.  Stripa  of  basa- 
■wood  niav  he  used  in  the  same  manner.  Tho  turna,  as  thev  are  made.  are 
Bmoothed  with  tbe  hand,  and  tbe  plaster  tborongblj  worked  into  tbem,  After 
eorapleting  the  appHcation  of  the  plaster,  a  semi-circular  portion  is  removed  in 
front  bv  making  a  cut  extending  from  the  npper  border  at  tbe  aidea  to  the 
level  of  the  iimbilicns.  This,  with  tbe  removal  of  the  abdominal  pad,  give^ 
more  freedom  to  tlio  respiratorv  movements.  The  edges  of  tlie  dressing  above 
and  about  the  perineum  are  now  trimmed.  Tf  tho  foot  is  induded  in  thia 
dressing,  it  shonld  be  well  paddcd  on  the  dorsiim,  and  held  in  the  right-anglod 
position.  Tf  flcxinn  is  Icss.  drop-fnot  wi!l  resiilt,  caiising  considerable  difficulty 
in  n-alkiiifr  affor  the  removal  of  tbe  drcising. 

Semoval  of  Circular  Plaater  DreiiiiiKH. — Several  instruments  bave  been  do- 


C 


714:  PLASTER-OF-PARIS   DRESSINGS 

vised  for  cutting  plaster  dressings.    Of  these,  Stille'B  shears  are  most  usefoL 
The  ordinarj  knife  with  a  short,  stout  blade  is,  however,  quite  efficient.    The 
plaster  is  inoistened  along  a  straight  line  with  hot  water,  or  H2O2,  and  cut 
through  with  a  knife.    There  is  diminished  resistance  to  the  knife  when  the 
lower  lajers  of  the  plaster  are  reached.    These  with  the  8heet-wadding  are  cut 
with  heavy  bandage  scissors  and  the  sides  of  the  dressing  forcibly  pulled  apart 
Bemoval  of  Plaster  from  the  Hands. — To  prevent  the  plaster  f rom  sticking 
to  the  skin,  one  may  thoroughly  anoint  the  hands  with  vaselin  before  begiiming 
the  plaster  work.     After  completion  of  the  work,  the  hands  are  wa8hed  with 
soap  and  warm  water,  which  leaves  the  skin  soft  and  clean.    If  the  hands  have 
not  been  previously  anointed  with  vaselin,  they  niay  be  washed  in  a  solution  of 
sodium  carbonate,  a  teaspoonful  to  a  basin  of  water.    Friction  with  granulated 
sugar  or  eom-meal  may  be  used  in  removing  the  plaster.    Rubber  gloves  maj 
be  wom. 


PLASTEBOFPARIS  DRESSIN&  FOR  8PECIAL  FRAOTUHES 

In  the  application  of  plaster  dressings  for  fractures,  it  must  be  borne  in  mind 
that  the  f unction  of  the  dressing  is  only  to  retain  the  fragmenta  in  the  corrected 
position,  and  not  to  reduce  displacement.  Replacement  of  the  fragments  should 
therefore  be  made  as  complete  as  possible,  and  the  limb  should  be  held  finnlj 
in  the  corrected  position  both  during  the  application  of  the  dressing  and  the 
hardening  of  the  plaster. 

EFIPHYSEAI.  FBACTURE   OF    THE    UPPEB   END   OF    THE   HUMBBU8 

The  iimscles  inserted  into  the  tuberosities  draw  the  upper  fragment  up- 
ward  and  for\var(l,  so  that  the  articular  surface  of  the  head  looks  downward. 
Furthcr  elevation  is  prevented  by  the  impinging  of  the  greater  tuberositj  on 
the  aeromion  proccss.  Codman  (5)  has  shown  that  when  the  arm  is  rotated  in- 
ward  and  ahdnctcd  to  the  horizontal,  the  greater  tuberosity  impinges  on  the 
aeromion  process  and  prevents  fiirther  elevation  of  the  arm  on  the  scapula,  and 
that  for  further  abdiiction,  it  is  necessary  to  rotate  the  arm  outward.  The 
upper  fragment,  being  rotated  inward  and  drawn  forward,  is  anatomicallj  fc®d 
in  tliis  position  by  the  eontraetion  of  the  muscles  inserted  into  the  tuher- 
ositv,  and  hv  the  coiinter-impinging  of  the  greater  tuberosity  on  the  aeromion 
process. 

Tn  au  open  operation  on  one  of  these  fractures,  Albee  (1),  after  wiringthe 
fragments  and  attem]iting  to  bring  the  arm  to  the  side,  noticed  that  the  uppc' 
fragment  \vas  so  finnlv  fixed  that  it  would  not  rotate  downward,  and  the  wire 
begau  to  oiit  tlirough.  Ile  therefore  elevated  the  arm  forward  and  slightly  out- 
Avard,  \vitli  slight  inward  rotation  of  the  humerus,  and  flexed  the  elbow  at  a 
right  anglc. 
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Dressin^. — \Vith  the  shouMer,  anu,  aud  foreanii  in  thc  ahove  positioD,  a 
plaster-of-Paris  spica  is  applied,  reaching  froiu  the  wriat  to  the  waist.  The 
pstient  is  kept  in  bed  dnring  tlie  tirst  week  after  the  application  o£  the  dressing, 
the  weight  of  the  dressing  and  tlie  arm  beiug 
Bupported  bv  auspension,  A  t  the  en  d  of  3 
veeka  the  dresaing  is  removed,  and  maaaage  and 
passive  raotiou  begun. 

\  FRACmmE    OF   THE   SUEOICAL   NEOK   OF   THE 


The  action  of  the  miisclea  tends  to  displact 
the  lower  fragment  upw8rd  and  inward,  aud  to 
flex,  abduct,  and  extenially  rotate  tbe  upper 
fragment.  Aa  in  the  epiphyseal  fracture,  the 
capital  fragment  ia  too  amali  to  he  direetlv  in- 
flueueed  by  the  splinta.  The  lower  fragment 
miiat  therefore  be  broiight  iuto  alignmeut  with 
the  upper.  The  dreaaing  applied  by  Aibee  in 
the  treatinent  of  fracture  of  the  npper  epiphvaia 
'inay  l>e  naed  in  this  fracture,  Anterior  and 
poaterior  moulded  aplinta  (Hitzrot,  S)  forming 

a  cap  for  tlie  ahoulder,  with  axillarv  pad,  mav      '''a,''^C^J,,'^'ZmZŠ^'''^o^^' 
f  be  Hsed  alao. 

Application. — TLe  forearm  ia  flexed  and  supporte<l  »t  tlie  wrist  h\'  a  sliiig. 
A  nioditicd  Stri)meyer  cuahion  is  placed  in  the  axilla  and  firnily  hold  iu  poaition 
by  a  bandage  over  the  opposite  shoulder,  and  aboiit  the  waist.  The  ciisliion 
ahould  estend  froni  tbe  apex  of  the  asiila  to  jnat  abovo  the  intcnial  condvlo  of 
the  humerus,  and  ahonld  be  broad  enough  at  its  base  to  bring  tlie  ]ower  fragment 
Into  proper  alignment.  If  the  cuahion  is  too  ahort,  there  ia  danger  of  causiug 
'tngulatioti  of  tho  fragmenta.  It  should  bo  siii{icient]y  firm.  to  maintain  its  ahape 
linder  prcssure  of  tbe  arm. 

Stripa  of  adheaive  plaster  are  applied  to  the  arm,  extending  from  the  level 
of  the  deltoid  insertion  to  6  inchea  below  tlie  elbuw,  Tbese  are  hcld  by  an  as- 
tistant,  who  appliea  traetion,  or  a  weigbt  of  from  iJ  to  10  pounda  ia  attachcd 
to  the  ends.  Tho  poaterior  aplint  begina  at  tbe  base  of  tbe  neck  and  extenda 
down  the  arm  and  forearm  to  the  wrist.  The  anterior  aplint  begina  at  the 
Vertebral  cohiinn,  passea  over  tbe  S(.'apula  aud  posterior  aplint  above  the  shoulder 
joint,  and  down  the  arm  and  forearm  to  tbe  wriflt,  the  latter  joint  bcing  left 
ifree.  With  tbe  lower  fragment  appropriately  abdueted,  traction  is  inade  iipon 
tho  adhcsivo  stripa,  and  the  correctal  poaition  carefully  maintained  by  an 
asBiatant,  while  tbe  aurgeon  appliea  and  gentlv  moulda  tlie  aplinta  to  tbe  litnb. 

The  aplinta  are  held  in  poaition  bv  a  ninslin  bundage  extendiiig  from  the 
miBt,  with  a  apica  to  the  ahoulder.    The  latter  aida  immobilization  and  opposes 
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overriding.     If  overriding  occurs,  the  shoulder  cap  formed  by  the  crossing  of 
the  2  splints  rises  above  the  shoulder,  so  that  the  finger  inay  be  introdueed  be- 
iieath  it.     A  weight  attached  to  the  adhesive  strips  or  to  a  bandage  over  tlio 
elb()w  is  useful  to  prevent  overriding,  or  to  overcome  shortening  which  niav 
have  occurred.     As  the  action  of  the  nmscles  tends  eonstantly  to  produce  dis- 
plaeement,  and  as  it  is  dilBSeult  to  fix  the  upper  end  of  the  splints  so  as  to  prevent 
overriding,  the  dressing  should  be  examined  at  frequent  intervals  and  readjust- 
ment  niade  when  necessarj.     Points  of  pressure  should  be  carefullj  watched, 
especially  the  nerves  and  vessels  of  the  axilla,  and  the  inner  aspect  of  the  ann. 
Massage  is  begun  during  the  third  week.    The  splints  are  removed  at  the  end  of 
the  fourth  week,  and  aetive  and  passive  motion  begun.     The  forearm  is  snp- 
ported  at  the  wrist  by  a  sling  f or  a  week  after  the  removal  of  the  splints. 

FBAOTUBE   OF   THE   8HAFT   OF   THE   HT7MEBUS 

Displacement  of  the  fragments  varies  with  the  site  of  fracture.  If  the 
fracture  is  in  the  upper  third  of  the  shaft,  the  upper  fragment  is  displaced 
inward  by  the  action  of  the  pectoralis  major,  and  the  lower  fragment  is  irmu 
upward  by  the  deltoid.  In  the  middle  and  lower  thirds,  the  upper  fragment  is 
drawn  fonvard  and  outward  by  the  deltoid,  while  the  lower  fragment  is  dis- 
placed upward  and  backward  by  the  triceps.  Reduction  is  accomplished  bv 
traction  upon  the  flexed  forearm  and  manipulation  of  the  fragments. 

Dressing. — The  above  described  anterior  and  posterior  moulded  splints  with 
axillary  pad  is  an  efficient  dressing  for  these  fractures,  especially  if  there  is  a 
tendency  to  displacement  of  the  fragments.  The  Stromeyer  cushion  should  be 
about  3  inches  widc  at  its  base,  so  that  the  arm  is  but  slightly  abducted.  A 
moulded  plaster-of-Paris  splint  forming  a  cap  for  the  shoulder  may  be  used. 

This  dressing  is  prepared  in  the  following  manner:  A  pattem  corresponu- 
ing  to  the  diniensions  of  the  splint  is  made  by  placing  a  piece  of  musliu  upon 
the  shoulder,  anterior,  and  posterior  aspects  of  the  chest,  and  outer  side  of  the 
arm  and  forearm,  and  cutting  it  to  fit  the  parts.  The  pattem  is  then  laid  upon 
the  table,  and  from  6  to  8  thicknesses  of  crinoline  are  cut  to  correspond.  These 
are  soakod  in  plaster  cream  and  laid  one  upon  the  other,  the  plaster  being  thor- 
oughly  worked  in  to  the  meshes  by  the  hands.  Six-inch  plaster  rollers  uiay  be 
used  instead  of  the  pieces  of  crinoline.  These  are  unrolled  back  and  forth  ovcr 
the  pattcrn  until  the  desired  thickness  has  been  secured.  The  edges  are  trimnied 
with  scissors  to  correspond  to  the  pattem.  Severa!  lavers  of  sheet-wadding.  * 
little  larger  than  the  pattcrn,  are  prepared,  and  the  splint  placed  upon  these.  A 
firm  axillarv  pad,  giving  slight  abduction  to  the  arm,  is  applied,  and  the  forearna 
is  supported  bv  a  sling  at  the  wrist. 

With  the  lirab  firmly  supported  by  an  assistant,  the  surgeon  applies  the 
splint  and  gontlv  moulds  it  to  the  parts.  It  is  held  in  position  bv  a  mushn 
bandaire  about  the  forearm,  arm,  and  chest,  the  opposite  axilla  being  protected 
bv  sheet-wadding.     This  dressing  does  not  exert  aetive  traction  upon  the  lower 
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Supracondyloid  Fracture.— Of  the  two  varieties,  flexion  and  extensioii  frac- 
tures,  tho  latter  is  the  most  common.  In  this  fracture  the  lower  fragment  is 
displaced  backward  and  iipward.  Reduction  is  accomplished,  under  anesthesia, 
by  hyperextension  of  the  elbow,  traetion  on  the  forearm,  eounter-traction  and 
pressure  backward  on  the  upper  fragment,  and  flexion  of  the  elbow. 

In  the  acutelv  flexed  position,  the  untom  periosteum  on  the  posterior  surface 
of  the  humerus,  and  the  triceps,  together  with  the  fascite  po9teriorly  and  later- 
ally,  hold  the  fragments  reduced.  In  this  position  also  the  forearm  prevents 
forward  riding  of  the  upper  fragment  by  the  pressure  exerted  on  the  latter  bv 
the  parts  within  the  flexure  of  the  elbow.  Lusk  (11)  has  shown  in  an  X-ray 
of  one  of  these  f  ractures  that,  in  extreme  flexion,  the  coronoid  process  of  the  ulna 
can  impinge  against  the  anterior  margin  of  the  lower  end  of  the  upper  fragment 
and  prevent  anterior  displacement.  The  degree  of  flexion  which  ean  be  used 
will  depend  upon  the  amount  of  swelling  of  the  soft  parts.  If  this  is  marked, 
the  flexion  must  be  less. 

DBESSING. — The  circular  plaster  dressing  described  by  Lusk  is  applied  iu 
the  following  manner :  A  layer  of  absorbent  cotton  is  placed  between  the  skin 
surfaecs  at  the  flexure  of  the  elbow.  A  flannel  bandage  is  applied  to  the  lower 
portion  of  the  forearm  and  upper  portion  of  the  arm,  the  flexure  of  the  elbow 
remaining  f ree  so  as  not  to  interfere  with  extreme  flexion.  A  few  tums  of  a 
plaster  roUer  are  applied  about  the  wrist  and  upper  portion  of  the  arm  sepa- 
rately,  then  about  the  two  together,  and  made  to  include  the  elbow,  which  is  pro- 
teeted  laterallv  and  posteriorlv  by  sheet-wadding.  The  circular  tums  applied 
to  tlie  wrist  and  upper  portion  of  the  arm  prevent  the  dressing  from  slipping; 
the  tums  including  these  two  maintain  flexion  and  prevent  lateral  displacement. 

The  limh  shoiild  be  inspeeted  frequently  during  the  first  few  days.  The  radial 
piilse  is  carefiill.v  watc'hed  for  siprns  of  compression  of  the  vessels  at  the  flexure  of  theel- 
bow.  The  position  ^ives  some  discoiufort,  biit  should  not  cause  actual  pain.  The  latter 
symptom  indicates  too  great  pressure,  and  calls  for  a  decrease  in  the  angle  of  flcsion. 

This  dressing  holds  the  fragments  firmlv  in  position,  but  acute  flexion  may 
itself  causo  an  angular  divsplacenient  bv  a  tilting  forward  of  the  lower  fragment. 
In  cases  whcrc  the  swelling  is  marked,  the  angle  of  flexion  must  be  decreased. 
Some  surgeons  prefcr  the  position  of  flexion  at  a  right  angle,  or  slightlv  be- 

vond  it. 

«• 

APPLICATION  OF  SPLINTS. — In  this  position,  anterior  and  posterior  splints 
mav  be  applied.  These  are  well  padded  with  sheet-wadding  and  extend  from 
the  level  of  the  axilla  to  the  middle  of  the  palm  and  dorsum  of  the  hand.  Thej 
are  held  in  position  bv  adhcsive  strips  and  a  muslin  bandage.  The  forearm  w 
supportcd  at  the  wrist  bv  a  sling.  A  posterior  moulded  splint  combined  vitha 
U-sliape(l  splint  about  the  clbow  (Hitzrot,  9)  mav  be  used.  To  prevent  thegun* 
stook  deforniitv,  the  ann  of  the  U  over  the  inner  side  of  the  forearm  is  placed  a 
little  more  up  .vard  thaii  the  posterior  limb  of  the  splint.  The  forearm  is  sup- 
ported  at  the  wrist  bv  a  sling. 
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[  The  position  of  exten8ioii  is  an  iincomfortnble  one.  In  some  eases,  however, 
becauec  of  the  tendeiicy  to  reciirrence  of  diaplacenient,  it  iiiav  be  iiecessurj*. 
After  a  week  or  10  day8  in  this  position,  the  elbow  mav  be  flesed  to  a  right  angle. 
Internal  and  extet'nal  moulded  splintd  are  applied,  exteiidiiig  from  the  axilla 
to  the  weli3  of  the  fingers.  Theae  are  hcld  iu  position  hy  adhesive  strips,  aud 
[  the  entire  extremit_y'  bandaged  with  a  muslin  bandage. 

In  the  treatnient  of  these  fractiires  it  is  most  es^ential  to  preserve  the  normal 
carrvinft  angle,  and  in  the  application  of  splints  the  proper  degjee  of  abduetion 
.  of  the  foreami  must  be  maJntaintd.  If  the  normal  angle  ia  dcstroved,  it  should 
I  be  restored.  A  circnlar  dreasing  extending  from  the  axilla  to  the  middle  of  the 
■  hand  may  be  used  also.  Splints  are  removed  once  a  week  and  re-applied,  Maa- 
[  BBge  is  begiin  after  subsidence  of  the  svvelling,  the  posterior  splint  being  left  in 


^^»sition  nieanwhile.  The  spUnta  are  removed  at  the  end  of  the  fourth  or  fifth 
ppeek,  and  pasaive  motion  begun.  Fiinetion  is  usually  restored,  especiallj  in 
l^vihildren.  In  children,  where  there  is  no  displacement,  union  is  snflicicnt]y  tirm 
ISd  two  weeka  to  pennit  of  the  removal  of  the  splints,    The  forearm  ia  supported 

F  a  aling  at  the  wrist  for  another  week.     After  romoval  of  the  splints,  a  firm 
.udage  is  applied  to  the  elbovv  for  siipport, 
Fraoture  of  the  Intemal  Epicondyle. — Immobilization    with    the    elbovv   in 
ij-perflesion  to  re]ax  the  pronator  radii  teres  and  the  supertieiol  flexor  muacles 
the  foreann,  wbich  tciid  to  draw  it  fonvard  and  downward.    Thia  position  is 
intained  uutil  nnion  ia  finn.    Union  ia  finn,  as  a  rnle,  in  3  veeka  in  children. 
,Thc  forearm  is  carried  in  a  sling  for  another  week. 

Fractnre  of  the  Internal  CondyIe. — In  this  fractnre  the  principal  point  to  be 
eonsidered  in  the  application  of  the  dressing  is  the  prevention  of  displacement 
|;iipward  "f  tlie  l<iwer  fragment,  thereby  causing  adilnction  of  the  forearm.  Tn 
ae  mnch  as  the  !ower  fragment  is  too  small  to  1«  influenced  diroctly  by  the 
splint,  its  position  mnat  be  eontrolled  throngh  tlic  nltia  to  vvhich  it  ia  attached. 

In  applying  monlde<l  splints,  the  aiirgeon  must  exerciso  čare  to  keep  the 
'■fragment  well  down  in  position  while  the  plaster  is  aetting.     If  the  right-angled 
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position  is  used,  the  forearm  is  supported  at  the  wri8t  by  a  sling.  No  pressure 
upward  on  the  elbow  is  permitted.  Union  U8ually  results  in  3  weeks.  The  sling 
is  used  f or  1  week  af ter  the  splints  are  removed.  Čare  should  be  taken  not  to 
foree  passive  motion. 

Fracture  of  the  Extemal  Cond7le. — It  is  often  more  difRcult  to  reduce  dis- 
placement  of  the  fragments  than  to  maintain  them  in  the  correct  position  after 
reduction  has  been  aecomplished.  After  reduction  is  made  as  complete  as  pos- 
sible,  the  forearm  is  hyperflexed  and  a  posterior  moulded  splint  extending  from 
the  shoulder  to  the  wrist  is  applied  and  held  in  position  with  strips  of  adhesive. 
If  the  right-angled  position  is  used,  anterior  and  posterior  moulded  splints  are 
applied  as  in  supracondjloid  fractures. 

T-  or  Y-shaped  Fracture. — Because  of  conmiinution  and  displacement  of  the 
fragments,  these  fractures  are  quite  eertain  to  result  in  marked  limitation  of 
motion  in  the  olbow  joint.  Reduction  should  be  done  \mder  anesthesia.  As  a 
rule,  the  fragments  are  best  held  reduced  by  the  acutely  flexed  position.  In 
cases  where  there  are  considerable  comminution  and  displacement,  deformitv, 
such  as  a  widening  of  the  joint,  with  anteroposterior  thickening,  is  quite  liable 
to  occur.  This  results  in  limitation  of  motion.  In  these  cases  the  forearm 
should  be  placed  in  the  position  which  will  give  the  best  functional  result  if 
stiffness  occurs.  The  elbow  is  flexed  to  a  right  angle,  or  slightly  bevond,  and 
anterior  and  posterior  moulded  splints,  described  above  in  the  treatment  of 
fracture  of  the  surgical  neck,  are  applied. 

In  applying  these,  they  should  be  carefully  moulded  to  the  e]bow  joint  and 
held  firmly  at  and  above  the  condyles  while  the  plaster  is  setting.  Splints  are 
removed  once  a  week  and  re-applied.  Gentle  massage  is  begun  at  the  end  of 
the  second  week,  with  the  posterior  splint  in  position.  Splints  are  removed  at 
the  end  of  the  fourth  week,  and  the  forearm  is  supported  by  a  sling.  The 
patient  is  encouraged  to  make  slight  active  movements  increasing  the  range  of 
motion  a  little  each  day.  Forced  movements  should  not  be  made  imtil  the  end 
of  5  or  6  wecks.    Full  use  of  the  arm  is  not  permitted  until  the  tenth  week. 

Separation  of  the  Lower  Epiphysis  of  the  Humems. — The  elbow  is  placed  in 
tluB  right-angled  position,  and  anterior  and  posterior  moulded  splints,  used  in 
the  treatment  of  supracondjloid  fractures,  are  applied.  Special  precaution 
should  be  taken  to  prevent  inward  displacement  of  the  lower  fragment. 

FBA0TT7BE   OF   THE   OIiEORANON   PBOOESS 

As  a  nile,  there  is  little  separation  of  the  fragments  in  this  fracture.  The 
periostoum,  the  latoral  aponeurotic  attachments  and  ligaments,  and  the  ex- 
tension  of  the  insertion  of  the  triceps  along  the  lateral  and  posterior  surfaces 
of  the  olecranon  prevent  this.  Two  positions  of  the  forearm  are  used  in  the 
treatment  of  this  fracture,  viz.,  full  extension  and  partial  flexion. 

Full  oxtension  gives  closer  apposition  of  the  fragments,  because,  as  Stirason 
(13)  observes,  the  triceps  cannot  draw  the  fragment  above  the  poeition  ^hichit 
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takes  in  coinplete  exten8ion  unless  the  ligamenta  binding  it  to  the  humerus  are 
torn,  a  complication  which  happens  only  rarely.  In  cases  where  this  is  separa- 
tion  of  the  fragments,  which  is  increased  by  flexing  the  elbow,  this  position  must 
be  used. 

The  degree  of  flexion  \vhich  mav  be  used  wil]  depend  iipon  the  amount  of 
separation  of  the  fragments.  If  this  is  slight,  and  is  not  increased  by  flexion, 
or  if  the  fragments  can  be  easily  approximated  by  gentle  downward  pressure  on 


Fio.  6. — MouLDED  Plastbr  Spunt  roR  Fracture  of  the  Olbcranon.  Ann  in  eztension.  Splint 
held  in  position  by  adhesive  Btraps.  Note  strap  applied  obliquely  so  aa  to  drag  downward  on  the 
loose  upper  fragment.     Fingers  are  slightljr  flezed. 

the  upper  fragment,  this  position,  which  is  the  more  comfortable  one,  may  be 
employed. 

In  either  position  an  intemal  moulded  splint  extending  from  the  axilla  to 
the  tips  of  the  fingers  is  applied.  The  fingers  are  slightly  flexed  and  pieces  of 
sheet-wadding  are  placed  between  them  to  prevent  chafing.  The  splint  is  held 
in  position  by  4  strips  of  adhesive,  placed  circularly  about  the  limb,  two  above 
and  two  below  the  elbow.  An  obliquely  placed  strip  of  adhesive  is  so  adjusted 
as  to  draw  downward  on  the  upper  fragment.  A  muslin  roller  bandage  is  ap- 
plied from  the  fingers  to  the  axilla  to  prevent  swelling  of  the  hand.  If  the  posi- 
tion of  partial  flexion  is  used,  the  splint  is  reinforced  at  the  angle  by  addi- 
tional  layer8  of  a  plaster  roller. 

Massage  is  begim  at  the  end  of  the  second  week,  and  sliirht  active  and  pas- 
sive  movements  during  the  third  week.  Union  ooeurs  usuallv  in  4  weeks, 
the  splints  are  removed,  and  the  elbow  is  supported  by  a  bandaire. 

FRAOTUEE  OF  THE  CORONOID  PROCESS 

With  the  forearm  semipronated,  the  oll>o\v  is  iinnio]>ilizod  at  a  riirlit  angle, 

or  an  aeute  angle,  depending  upon  the  doirroo  of  displaocniont  of  the  fragment 
47 
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by  tho  bracliialis  anticus.  Anterior  and  posterior  moiilded  splints  extending 
from  tlie  axilla  to  the  wriat  are'  applied  and  held  in  positioa  with  strips  of 
adliesivc.  Lif;ht  passive  and  active  movenients  are  begun  during  the  third  week, 
at  the  pnd  of  which  splints  are  removed.  The  forearm  is  supported  in  a  sling 
for  another  wcek. 


FBAOTUSE  OF  THE  HEAD  AND  MSOS  OF  THE  EADIUS 

If  therc  18  no  marked  d  splacement  of  tho  fragmenta,  the  cIbow  is  flexed  to  i 
right  angle  or  be\ond  the  forearm  is  placed  n  the  position  midway  betwpen 
pionation  and  supination   and  antenor  and  posterior  mouldcd  s)ilint3,  eitend- 


Fia.  7. — U-Shafed  Moold&d  Plastbr  Spunt  fos  FancruRE  of  Foreabm. 


ing  from  tlie  axilla  to  tho  niiddle  of  tho  palm  and  dorsnm  of  the  haiid  are  ap- 
pliod.  The  T-shapcd  splint  may  be  used,  as  in  fractnres  of  the  shiiftoftt* 
radiua  and  the  uhia.     The  foreann  is  anpported  at  the  \vrist  bv  a  siiiii;. 

Masaago  is  begim  in  10  da.vs  or  two  week8.  Viiioti  occiirs,  as  a  nilc,  in  tlirt« 
or  foiir  weeka.  Tlie  splints  are  then  removed  and  the  siing  cnntiiiiied  for  au- 
other  weck.  Atteiition  niust  be  paid  to  tho  movenients  of  pronation  nnd  supi"*' 
tion.     Thev  ahoiild  ho  niado  passivelv  at  the  end  of  the  third  week. 


FRAOTUBE  OF  BOTH  BONES  OF  THE  FO&EAHM 

Tn  these  fractnres  it  is  qiiite  osscntial  to  secnre  aoeiiratc  rednction  and  t*" 
tentioii  ()f  the  fragnients,  for  tlie  movemonts  of  pronation  anil  supination  ^^ 
Ciisilv  iiitorfcved  \vitli,  or  lost  bv  diMphioeiiient  or  failure  of  nnioii.  Rediirt""' 
is  (■ffecteil  bv  traction,  coniiter-traction  and  direct  manipnlation  of  the  fraf 
nn-nts  iiear  the  seat  of  fractnre,  with  the  thnmbs  in  front  and  tho  finsK-rs  I*- 
bind. 

The  position  of  the  forearm  in  most  eaaes  is  that  which  is  mid\vay  between 
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supiiiation  and  pronation.  This  is  the  most  favorable  for  the  fo]lowing  reasons: 
(1)  \Vhen  the  radiiis  is  brought  into  semipronation  (so  that  the  thumb  will 
poiiit  iipward),  the  bones  are  most  nearly  parallel,  and  at  the  greatest  possible 
distancc  from  each  other.  (2)  It  is  the  natural  position  assiimed  when  the 
forearni  is  snspcnded  beside  the  body,  with  the  elbow  flexed  at  a  right  anglc. 
(3)  It  is  the  position  which  aflfords  most  comfort. 

With  the  forearm  held  in  the  above  position,  anterior  and  posterior  monlded 
splints,  extending  from  well  above  the  elbow  to  the  middlo  of  the  palm  and  dor- 
sum  of  the  hand,  are  applied.  These  are  held  in  position  by  adhesive  strips  and 
a  muslin  bandage.  The  extension  of  the  splints  above  the  elbow  joint  gives  bet- 
ter  fixation  and  opposes  shortening.  A  U-shaped  moulded  splint  (Stimson) 
beginning  at  the  middle  of  the  palm,  extending  iip  the  flexor  siirface  of  the  fore- 
ann,  about  the  back  of  the  elbow,  and  down  the  extensor  surface  of  the  fore- 
arm to  the  dorsiim  of  the  hand,  is  an  efficient  dressing  for  these  fractiires. 

The  splints  shoiild  be  as  wide  as  the  most  muscular  portion  of  the  forearm. 
Althongh  union  of  the  callus  of  one  bone  to  that  of  the  other  is  infrequent,  it 
is  most  apt  to  occiir  if  the  splints  are  narrower  than  the  forearm,  thus  pressing 
the  bones  together.  A  cireular  plaster  dressing  shoiild  not  be  used  during  the 
first  weck  after  injury.  When  swelling  has  siibsided,  this  dressing  may  be  used, 
special  čare  being  taken  not  to  exert  any  lateral  pressure.  Gangrene  or 
ischemic  contracture  is  very  apt  to  follow  too  tight  application  of  splints  in 
these  fractures. 

With  the  subsidenco  of  the  swelling,  the  splints  may  be  made  narrower  by 
cutting  away  a  strip  along  the  entire  length  of  the  edge.  The  entire  forearm 
is  snpportcd  by  a  sling,  the  hand  being  left  free. 

The  splints  are  removed  once  a  week  and  readjusted.  Massage  is  begun  during 
the  third  week.  At  the  end  of  the  fourth  or  fifth  week  union  is  U8ually  firm  and  the 
splints  are  removed.  Passive  and  active  movements  are  begun,  special  attention  being 
giveii  to  the  movements  of  pronation  and  supination. 

FBAOTUBE  OF  THE  SHAFT  OF  THE  ULNA 

Reduction  is  made  by  pressure  on  the  displaced  fragmenta,  traction  being 
practicallv  without  value.  Lateral  displacement  toward  the  radius  is  the  most 
iniportant,  and  this  is  corrected  by  pressing  the  thumb  and  fingers  between  the 
bones.  As  the  radius  acts  as  a  splint  to  prevont  overriding,  the  forearm  is 
placed  in  the  position  of  semipronation,  and  anterior  and  posterior  moulded 
splints,  like  thoso  usod  in  fractures  of  both  bones  of  the  forearm,  are  applied. 
The  forearm  is  supported  in  a  slinir,  čare  being  takoii  to  avoid  too  great  pressure 
upon  the  ulna.    The  aftcr-trcatmcnt  is  the  samo  as  in  fractures  of  both  bones. 

FRACrrURE    OF   THE    SHAFT   OF    THE   RADIUS 

Displacement  varics  accordinir  to  the  s(^at  of  tli(»  fractnro.  Anjzular  dis- 
placement, with  the  apox  of  the  angle  dirccted  foruard  and  in\vard,  is  the  more 
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rommon  fonn.  If  the  fractiire  is  in  the  upper  third,  i.  e.,  above  the  insertion 
of  the  proiiator  radii  teres,  the  upper  fragment  is  completelj  supinated  by  the 
bicopH,  while  the  pronator  muscles  displaee  the  lower  fragment  inward  and 
{\\i\y  i)ronato  it. 

In  fraetnres  at  or  below  the  middle  of  the  shaft,  the  upper  fragment  is 
(lrawn  forward  bv  the  biceps  and  inward  by  the  pronator  radii  teres,  while  the 
low(>r  fragiMont  is  drawn  toward  the  ulna  by  the  pronator  quadratus.  Eediic- 
tuu\  i»  luade  by  traction  upon  the  wrist  and  by  exerting  pressure  over  the  ends 
of  tho  fra^uents,  Pressure  with  the  fingers  and  thumb  between  the  bones  mav 
holp  to  bring  the  fragments  into  the  correct  position.  If  the  fraeture  is  in  the 
lo\vor  third*  and  the  lower  fragment  is  displaced  inward,  traction  on  the  hand 
do\vuwarvl  and  toward  the  ulnar  side  may  bring  the  fragment  back  into  posi- 
tion. 

I  f  tho  f raoture  is  above  the  middle  of  the  bone,  the  forearm  is  held  in  the 
(«U|MUatiHl  iHvsition.  If  the  fraeture  is  below  the  middle  third,  the  forearm  is 
M{\  iu  tho  jH>8ition  of  semipronation.  In  each  čase  the  elbow  is  flexed  to  a 
right  HU>iU\  and  the  forearm  is  firmlv  held  by  an  assistant,  while  anterior  and 
jH»ttttMior  luoulded  splints,  used  in  treatment  of  fractures  of  both  bones,  are 
u|»|»liiHL  The  after-treatment  is  the  same  as  in  fractures  of  both  bones.  In 
tractmt^  of  the  shaft  of  the  ulna  or  radius  alone,  the  same  precautions  as  to  the 
vvidth  of  the  splints  should  be  observed  as  with  fractures  of  both  bones. 

OOUJBS'    FBAOTUBE 

In  this  fraeture,  the  following  displacements  of  the  lower  fragment  maj 
(HHUir:  (1)  Toward  the  dorsal  or  extensor  surface  of  the  forearm,  (2)  toward 
th(^  radial  side  of  the  forearm,  and  (3)  there  is  often  an  axial  rotation  on  an 
autoropostcrior  axis.  Complete  reduction  is  essential  to  prevent  pennanentde- 
forniitv,  and  this  is  carried  out  in  the  follo.wing  ways:  (1)  In  the  simplcr  cases, 
tho  Hurgeon  grasps  the  patient'8  hand  with  his  corresponding  hand  and  makes 
traction,  at  the  same  time  making  direct  pressure  upon  the  dorsum  of  the  lower 
fragment.  (2)  If  impaction  has  occurred,  a  general  anesthetic  will  be  re- 
quircd  for  reduction.  The  fragments  are  grasped  firmlv  between  the  thiimb 
and  fingers  and  the  lower  fragment  freed  from  the  upper  bv  traction,  back- 
ward,  forward,  and  lateral  movements,  and  pressed  into  plače.  Pressure  is 
made  upon  the  radial  side  of  the  lower  fragment  in  order  to  correct  the  eleva- 
tion  of  the  stvloid  process  of  the  radius,  which  is  brought  about  by  the  rotation 
of  the  lower  fragment  on  an  anteroposterior  axis.  With  the  hand  and  fore- 
arm in  semipronation,  the  assistant  makes  traction  on  the  hand  and  holds  the 
fragments  in  the  corrected  position  while  the  surgeon  applies  anterior  and  pos- 
terior  moulded  splints. 

Thoso  should  bo  a  little  wider  than  the  forearm  in  its  most  muscnlar  pot- 
tion  and  should  extend  from  a  little  below  the  elbow  to  the  metacarpophalanjreal 
joint.    A  crescentic  piece  is  removed  from  the  outer  edge  of  the  anterior  splint 
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FlO.  8. — MOULDED  PlABTER  SpLINTS  FOR  COLLES'  FrACTURB. 

(Stimaon.)     Note  graoves  for  thenar  eminence  and  head 
of  ulna.     Splints  applied  with  adheaive  plaater. 


for  the  thenar  eminence ;  a  small  wedge-shaped  piece  is  cut  f rom  the  inner  edge 
of  the  posterior  splint  over  the  prominent  head  of  the  ulna.  The  splints  are 
well  padded  with  sheet-wadding. 

Small  retentive  pads  of  gauze  are  sometimes  necessarj.  The  anterior  of 
these  is  placed  over  the  lower  end  of  the  upper  fragment,  the  posterior  over  the 
dorsum  of  the  lower  frag- 
ment. While  the  plaster  is 
setting,  the  splints  are  held 
firmly  against  the  sides  of 
the  wri8t  so  as  to  keep  the 
radius  and  ulna  together. 
These  splints,  accurateljr 
moulded  to  the  forearm 
hand,  retain  the  fragments 
and  carpus  in  the  corrected 
position  better  t  h  a  n  any 
other. 

The  forearm  is  carried  in 
a  sling  adjusted  to  bear  its 
whole  weight.  The  hand 
rests  f  ree  f  rom  upward  pres- 
sure.  The  patient  should  be  encouraged  to  exercise  the  fingers  frequently,  to 
prevent  stiffness  due  to  tenosynovitis.  The  splints  are  removed  once  a  week 
and  reapplied.  Massage  is  begun  during  the  second  week,  only  one  splint  at  a 
time  being  removed  during  this.  Passive  motion  of  the  wrist  is  begun  during 
the  second  week.  Union  is  firm  at  the  end  of  three  weeks,  and  the  splints  are 
removed.    The  wrist  is  supported  by  a  bandage  or  a  leather  bracelet. 

In  the  treatment  of  a  reversed  Colles'  f  racture,  the  same  splints  are  applied. 
There  is  a  reversal  of  the  retentive  pads,  the  anterior  one  being  placed  over  the 
lower  fragment,  and  the  posterior  one  over  the  lower  end  of  the  upper  frag- 
ment. 

FRAOTUBE  OF  THE  BONES  OF  THE  HAND 

A  circular  plaster  dressing  may  be  used  in  f  ractures  of  the  carpal  bones,  or 
of  the  base  or  shaft  of  the  metacarpals,  but  it  is  most  efficient  for  fractures  of 
the  thumb.  In  fractures  of  the  carpal  or  metacarpal  bones,  a  circular  plaster 
dressing  extending  from  the  webs  of  the  fingers  to  two  inches  above  the  wrist 
is  applied.  In  fractures  of  the  bones  of  the  thumb,  the  hand  is  covered  with  a 
cotton  glove  or  flannel  bandage,  the  thumb  is  extended  and  abdiictcd  and  a 
plaster  spica  is  applied.  This  should  reach  from  tlie  head  of  the  metacarpal 
bones  below  to  one  inch  above  the  wrist.  Dressiiic:  is  removed  in  10  davs  or  2 
weeks,  Massage,  douching  and  active  motion  should  be  used  after  this 
time.  . 
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FKAOTUBES   OF    THE    FEMUB 

In  f ractures  of  the  femur,  complete  encasement  in  plaster-of -Pariš  is  used, 
as  a  rule,  at  some  tirne  during  the  coiirse  of  treatment.  The  plaster  spica  mav 
bo  applied  aftcr  union  has  become  wcll  advanced  by  treatment  with  continuous 
traetion,  as  in  the  older  methods.  It  may  be  applied  as  a  primarv  drcssing  in 
fractures  of  the  neck,  as  recommended  by  Whitman,  or  in  cases  of  fractures  of 
the  shaf  t,  in  which  there  is  no  displacement,  or  in  which  displaccment  can  be 
corrected  by  traetion,  counter-traction,  and  manipnlation  at  the  time  of  the 
application  of  the  plaster  dressing.  It  is  also  used  after  the  open  method,  in 
which  the  fragments  are  fixed  by  plate  or  wire. 

Fractures  of  the  Neck  of  the  Femur. — That  fractures  of  the  neck  of  the  fe- 
mur are  the  most  diificult  fractures  to  treat  is  evidenced  by  the  unsatisfactorj 
results  following  the  ordinary  methods  of  treatment. 

TREATMENT    BY    EXTEN8I0N    AND    COUNTEB     EXTEN8I0N:      HODGEN^S 

SPLINT. — In  this  method  of  treatment,  displacement  caused  by  the  weight  of 
the  limb  aaid  the  action  of  the  muscles  is  corrected  by  support  equivalent  to  that 
destroved  by  the  injury.  To  this  end,  several  foiTus  of  apparatus  ha  ve  been  de- 
vised.  Of  these,  the  ITodgen's  splint  is  the  most  convenient  and  satisfactorr, 
for  it  gives  more  freedom  of  motion  and  is  more  comfortable  to  the  patient.  It 
is  an  especially  serviceable  splint  in  the  treatment  of  fractures  of  the  neck 
in  elderlv  peoplc  who  are  too  weak  for  the  ambulatory  method  of  treatment.  It 
is  used  also  in  the  treatment  of  fractures  of  the  shaft  close  above  the  condyles, 
and  in  fractures  of  the  middle  portion  of  the  shaft  in  muscular  subjects. 

The  IIodgen's  splint  combines  the  principles  of  the  double  inclined  plane 
and  Buck's  extension.  It  consists  of  a  rigid  iron  or  steel  frame  made  in  the 
fonn  of  the  letter  U.  The  outer  bar  is  a  little  longer  than  the  inner,  and  ex- 
tends  from  tlio  level  of  the  anterior-superior  iliac  spine  to  3  inches  bevond  the 
šole  of  the  foot.  The  inner  bar  extends  from  the  adductor  loncus  tendon  to  the 
same  level  wliere  the  two  are  connected  bv  a  cross-bar.  Above,  the  two  bars  are 
connected  by  a  semicircular  rod,  which  passes  over  the  anterior  surface  of  the 
thigh  and  is  so  placed  that  it  is  parallel  to  Poupart's  ligament.  The  side-bars 
taper  \vith  the  limb  and  should  be  %  inch  farther  apart  than  the  diameter  of 
the  limb  at  any  point.  The  bars  are  bent  at  the  knee  to  an  angle  of  130°.  Two 
liooks  are  attached  to  each  bar,  one  above,  the  other  below.  To  these  cordsare 
fastened  and  brought  over  the  limb  to  a  traetion  cord  vvliich  passes  throiigh  a 
pullev  attached  to  an  upright  at  the  foot  of  the  bed.  To  the  traetion  coni  a 
weiglit  is  attached.  The  adjustable  IIodgen's  splint  sho\\'n  in  the  figure  is  so 
constructed  that  the  length  of  the  side  bars,  the  width  between  them,  and  the 
aiiglo  at  the  knoo  can  be  varied.  The  splint  can  therefore  be  adjusted  to  any 
limb  aiid  applied  to  either  right  or  left  side. 

Pkki»ai{ati()n  of  the  Spmnt. — Strips  of  flannel  bandage  6  inches  wideare 
ciit  in  lciii»lhs,  a  little  in  excess  of  the  circuniference  of  the  limb  at  the  levelsto 
Avhich  tliev  are  to  be  applied.     These  are  applied  to  the  side-bars  in  the  follow- 


PLASTER-OF-PARIS  DRESSING  FOR  SPECIAL  FRACTURES    727 

Ing  manner:  The  strips  are  passed  over  the  bars  with  the  free  ends  extemal. 
The  lower  end  of  the  strip  is  broiight  up  over  the  bar  for  an  inch  or  more.  The 
iipper  end  is  then  folded  over  the  lower,  and  the  4  thicknesscs  of  bandage  are 
made  fast  with  safetj  pins.  This  makes  a  trough  in  which  the  limb  rests.  The 
strips  should  be  so  adjiisted  that  the  side  bars  will  be  a  little  below  the  level  of 
the  anterior  surface  of  the  limb. 

Application  of  the  Splint  to  the  Limb. — The  limb  is  shaved,  and  the 
skin  thoroughlv  cleansed  with  soap  and  water  followed  by  alcohol.  Strips  of 
moleskin  adhesivo  plaster,  which  is  stronger  and  less  irritating  to  the  skin  than 
the  ordinarj  adhcsive  plaster,  are  cut  3  inches  in  width  and  long  enough  to 
reach.  from  just  above  the  knee  to  four  inches  bevond  the  šole  of  the  foot. 
Oblique  cnts  are  made  along  the  edges  of  these,  so  that  they  mav  be  applied 
more  readily  to  the  part. 

About  3  inches  above  the  malleoH,  the  strips  are  ciit  obliquely  on  each  side 
for  one-third  the  width,  and  the  sides  bclow  this  are  folded  over  each  other  so 
as  to  cover  completely  the  adhesive  surface.  Similar  strips  are  prepared  for 
the  thigh  and  made  siifficiently  long  to  reach  from  the  trochanter  on  the  oiit- 
side  and  the  addiictor  longns  tendon  on  the  inner  side  to  one  foot  beyond  the 
knee.  Obliquo  ciits  are  made  also  along  the  edges  of  these  strips.  The  adhesivo 
surface  of  the  strips  is  now  hcated  over  an  alcohol  lamp  or  moistened  with 
ether,  and  the  strips  are  applied  to  the  leg  and  thigh  respectively.  A  flannel 
or  muslin  roller  bandage,  beginning  at  the  toes,  is  applied  to  the  foot,  ankle 
and  lower  3  inches  of  the  leg.  It  is  then  made  to  include  the  adhesive  strips 
and  carried  up  over  the  knee.  About  3  inches  above  the  knee  it  includes  the 
adhesive  strips  applied  to  the  thigh,  and  is  carried  to  the  upper  portion  of  the 
latter. 

The  limb  is  now  placed  in  the  trough  of  the  splint,  and  the  sides  adjusted. 
The  traction  strips  applied  to  the  leg  are  fixed  to  the  cross  bar  at  its  junction 
with  the  side  bar,  čare  being  taken  to  have  the  width  of  the  cross  bar  sufficient 
to  protect  the  malleoli  from  pressure  by  the  strips.  The  ends  of  the  strips  ap- 
plied to  the  thigh  are  brought  over  a  spreader  of  sufficient  width  to  prevent 
pressure  of  the  strips  on  the  condvles.  A  cord  is  attached  to  the  spreader.  The 
eords  attached  to  the  hooks  on  the  side  bars  above  and  below  are  brought  over 
the  limb  to  the  traction  cord.  The  latter  should  be  arrangcd  so  that  it  is  15^ 
:o  30°  from  the  vertical,  and  the  weight  should  be  sufficient  to  lift  the  limb  free 
"rom  the  bed. 

The  cord  f astened  to  the  spreader  below  the  knee  is  passed  over  a  pulley  and 
L  weight  applied.  To  the  suspension  and  traction  afforded  by  the  splint,  there 
s  additicmal  traction  in  the  lino  of  the  fomur.  The  upright  which  supports 
'.lie  splint  is  fixe(l  to  tli(^  foot  of  the  bed  and  arrangcd  so  that  it  may  be 
3wiing  outvvard  to  i»ivo  tho  dcsirod  amount  of  abduction.  AVhon  tho  limb 
is  properly  suspcnded  in  this  apparatus,  there  are  traction  in  the  line  of 
the  femur,  flexion  at  the  hip  and  knee  joints,  and  abduction  of  the 
thigh. 


Flo.  9B. 
— Boim)en'b  Sdbpended  Sflint.     Spliiit  used  in  the  treatmcnt  uf  Irat 
femur.     Note  tractiou  oa  lower  fragment  in  tine  ot  thigh. 
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Traction  is  meaeured  and  coostantly  maintained.  The  foot  should  be  kept  in  the 
rigbt-angled  position,  and  the  patient  encouraered  to  esert-ise  it  dailj.  The  sphnt  re- 
qnirea  watcbing  and  readjostment  from  tiine  to  tinie.  The  traetion  cords  should  be 
taut.  Lasitj  of  these  indicates  elipping  of  the  Bpliiit.  The  bed  shouid  hove  a  firm 
hair  mattresB  and  be  supported  by  fracture  boards  beneath  it  to  prevent  sagging.  The 
fbot  of  the  bed  is  raiBed  6  inches  by  blocks  to  eecure  counter  estension.  The  draw 
sheet  must  be  kept  smooth,  aud  the  patient's  back  rubbed  with  alcohol  aud  dusted  with 
j»wder  twice  daily. 


After  S  or  6  veeks,  wheii  union  is  fairly  well  advaneed,  the  aplint  ia  re- 
movcd,  and  a  long  plaster  spica  including  the  foot  ia  applied,  Tbis  18  woni 
for  5  or  6  week8.  After  the  remnval  of  the  spica,  a  hmg  cxteriial  lateral  moulded 
Bplint  13  applied.  Masaage  and  paasive  niotiou  are  begiin  with  tho  removal  of 
the  spica,  This  is  giveii  every  other  day,  and  the  knee  and  hip  jointa  moved. 
At  the  end  of  the  iifteenth  week  aH  dressinga  are  removed,  and  the  patient  is 
permittcd  to  bear  light  weight  on  the  injured  limb. 

Unirapacted  fractures  of  the  neck  niav  unite,  but  often  remain  iinunited. 
Impacted  fractures  unite  readilv,  but  with  deformity.  In  these  latter  cases, 
the  neck  of  the  femur  is  depreased,  giving  rise  to  the  condition  of  trauniatic  eoxa 
Tara  and,  aa  impaetion  is  most  marked  on  the  poaterior  surface,  tbere  ia  ox- 
temal  rotation.  The  effects  of  the  elevation  of  the  trochanter  are  shorteniiig, 
'esrterual  rotation,  and  hnutation  of  abduction  and  flexion.  In.  the  ohlcr 
tnethods  of  treatment,  viz.,  by  estenaion  or  imniobilization,  no  apecial  at- 
tempt  waa  made  to  reduce  the  deformity,  bence  the  reaulting  functional 
'disabilitj. 

TEEATMENT  BT  BBDUCTION  AND  RETBNTION:  WHITMAN'S  METHOD. 
.  —In  fractures  of  the  neck  of  the  femur,  in  adults  as  wel]  aa  in  early  Hfe, 
^Vhitman  (16)  haa  recomniended  and  eraploved  the  fol!owing  nietbotl  of  re- 
<3uction  and  retention,  in  vbicb  the  affected  limb  ia  placed  in  the  position  of 
abduction,  which  as  nearlj  as  possible  corresponds  to  the  normal  abduction  of 


Cases  wiTn  Imfaction. — The  patient  is  anesthetized,  and  tho  pelvis  sup- 
j>orted  by  a  spica  atand.  Tho  aound  limb  is  abducted  to  the  normal  limit  to 
serve  as  a  guide  and  to  fix  the  pelvia.  The  aasiatant  holds  the  injured  limb  and 
Xvith  pcntle  traction  slowly  abdiicta  it.  The  aurgeon,  at  the  same  tirne,  supports 
the  joint  vitb  his  hands  and  presses  gently  downward  npon  the  trochanter. 
,  ^A"hen  the  normal  limit  bas  been  approximate]y  reached,  a  long,  closely  fitting 
l^laster  spica  ia  applied,  including  tho  foot.  In  thia  method,  the  abducted  posi- 
teon  serves  to  reduce  the  deformity,  without  attogcther  separating  the  frag- 
knents  and  eompletelv  breaking  up  the  impaetion. 

CASEa  WiTnouT  Impactios. — If  the  fracture  la  complete,  tbcre  ia  a  marked 
^endency  t&ward  aeparation  of  tlie  frugments.  Aa  a  rule,  the  shaft  is  drawn 
■upward,  rotated  oiitward,  and  displaced  bflckward. 

The  patient  is  anesthetized  and  plaecd  in  the  position  deacribod  above.  The 
liiab  on  tbe  injured  side  is  alightly  flexed  and  rotated  iaward  to  disengage  the 
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folds  of  the  capsule  that  miiv  havc  fallcn  betweeii  tlie  fraguieiits.  Traction  and 
coiinter-tractioii  are  inade  till  the  liiiibs  are  hIiowii  bv  iiieaaiirement  to  be  of 
eqiial  lengtli.  Tlie  assiatant  tbeii  abducts  the  extended  Hinb  on  the  pelvis,  which 
is  fixed  by  fiiil  abdiiction  of  the  opposile  limh.  The  operator  at  the  same  tirno 
Biipporta  the  joint  aiiii  pressea  the  thigb  iipward  froni  beneath  to  force  the  frag- 
menta forward  ngainst  the  tcnse  aiiterior  wall  of  the  capsule.  \Vhen  the 
trochaiitcr  is  finiilv  fixcd  against  tho  side  of  the  pelvis,  the  long  plaster  spica 
13  applied,  '"Tliia  is  strengthened  beneath  tlie  joint  by  a  bar  of  steel  or  alumi- 
niim  shaped  like  the  Thomas'  splint,  jn  order  to  support  the  femur  in  a  plane 


J,  C. — Plabter  Spic* 


Fehur.  Limb  in  Abduction. 


Boiiiewhat  abine  lliat  of  the  trnnk,  and  to  prevent  it  from  sinking  backffanl 
below  tlie  inner  fragment."  The  outward  rotation  is  corrected  at  the  san* 
tirne. 

In  (•"nii)let(!  and  nninipacted  fractures  tlie  abdiictcd  position  adjust* 
the  fragnients  and  fixes  them.  The  particnlar  advantages  of  thia  position 
are: 

(1)  "Wlien  tlic  cxtcnilcd  linib  is  placed  iii  complete  abdiiction,  the  trocliaii- 
ter  \A  tiniilv  ;t]i|>o-;od  to  the  Hide  of  the  j)elvi8,  so  that  iipward  displacement  o' 
the  feiimr  is  iiii]"issihlp." 

(21  "In  this  atlitiidc  the  capsnlo  is  made  tenae;  thna  it  shoiild  serve  to 
direct  tlie  fragiiionts  tn\vard  one  another," 

(3)    "The  deforiniiig  infiiionce  of  uiuscular  contraction  is  removed,  since 
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the  abduetor  group  is  re1axed,  whi]e  the  contraction  of  thc  iliopsoaa  musclc  iu 
this  positioD  wou]d  draw  the  fragmenta  toward  ohd  anotlier." 

Snbtroohanterio  Fractnre  of  the  Femnr.- — Displaceiiient  of  the  fragmenta  in 
these  fractures  occure  as  follow8 :  The  upper  fragment  ia  flexed  ajid  abducted, 
while  the  lower  fragment  overrides  the  upper  and  ia  slightl.v  adducted.  Be- 
cauae  of  the  position  and  ahortness  of  the  capital  fragment,  it  cannot  be  directly 
influenced  by  the  apliut,  and  the  lower  fragment  must  tlicrefore  be  brought  into 
slignment  with  it,  i.  e.,  muat  be  placed  in  the  position  of  flexion  and  abduction 
with  traction.  Thia  alignment  is  moat  satisfactorilv  accomplished  bv  the  use  of 
the  Hodgen'8  aplint,  traction  being  made  in  the  line  of  the  elevated  thigh.  If 
thia  provea  inefficient,  open  operation  is  indicated.  After  tlie  aplint  bas  been 
used  for  from  4  to  6  weeka,  or  after  the  open  operation,  a  long  plaster  apica  ia 
applied  ivith  slight  flexion  and  abdnetion  of  the  thigh  and  with  alight  flcxion  at 
tbe  knee. 

Fractnre  of  the  Shaft  of  the  Femnr. — in  fractures  of  the  ahaft  of  the  femur, 
W)thout  displacement,  or  in  cases  wliere  displacement  caii  be  corrccted  by  trac 
tion  with  the  patient  aneathetized,  the  spica  mav  l>e  applieil 
at  once.  To  effeet  rednction,  and  to  maintain  thc  fragmenta 
in  apposition  while  the  spica  is  being  applied,  the  method 
described  by  Ilnntington  (10)  ie  qnite  serviceable. 

"A  skein  o£  heavy  wooIen  yam  ia  paaaed  over  eacli  leg 
to  serve  aa  a  mediiim  for  perineal  traction.  To  each  of  tbeae 
is  attached  a  cord  who8e  distal  ends  are  tied  to  a  ring  in  the 
end  wa1l  of  the  room.  Anothcr  aimilar  skein  is  applied  to 
the  ankle  of  the  alTected  limb  with  a  clove  hitch.  To  thia  is 
attached  a  amall  aet  of  pulIeyB,  which  in  turn  are  anchorod 
to  the  wall  at  the  foot  of  the  operating-table,  and  the  piillev 
rope  intrusted  to  an  assiatant," 

While  the  steady  puli  is  being  made  by  the  assistant, 
the  surgeon  manipulates  the  fragments  to  effeet  rednction. 
If  satisfactory  leduction  is  accomplished,  a  long  spica  ia 
applied. 

When  the  foot  is  to  be  included  in  the  plaster  dreasing, 
adhesive  stripa  may  be  used  instead  of  the  varn.  These  are 
applied  to  the  aidea  of  the  leg  and  thigh  aa  high  as  tlie  seat 
of  fractnre,  and  traction  made  upon  them.  Tliey  are  in- 
cluded in  the  plaster  and  are  cut  ofF  at  the  pointa  of  cuior- 
gence  upon  completion  of  the  drcssing.  Tn  applving  the 
long  plaster  spica,  čare  sliould  be  exercised  to  have  the 
anterior-auperior  iliae  spine,  iiiid-patella,  and  niiddle  of  the 
aukle  in  tho  samo  alignincnt  aa  on  thc  iionnal  aide.  In  cas 
meth()d  fails  to  ovenfome  inuM^nlar  contraction,  ccnitinnoii; 
applied. 

For  fractures  of  the  middle  two-fourths  of  the  femur,  BHck'8  extenaion  with 


FiQ.  10.  —  PuitetEu 
»Tiru  FOH  FKAcmrns 
up  KuAFT  or  Femur. 

i  where  the  above 
traction  muat  be 
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the  Volkmanii  slidinji  rest  is  generali^  emplojed.  If  lateral  displacement  of  tbe 
friif^inents  is  present,  the  latcral  traction  advised  by  Bardenheuer  and  Graess- 
nera  may  be  added. 

In  t)ie  application  of  Buck's  eztension,  the  adhesive  straps  are  applied  to 
the  leg  In  the  same  mnnner  as  deacrihed  for  the  Hodgen'8  splint,  but  are  carriei 
lip  to  the  sent  of  fraeture.  Theae  are  held  in  position  by  strips  of  adliesive 
placed  circularly  and  spirally  about  the  le^  and 
lower  fragment,  or  bv  a  musUn  bandage  bepn- 
ning  at  the  tces.  Beyond  the  soIe  of  the  foot, 
the  ends  of  the  tfaction  stripa  are  attached  to  a 
spreader  with  a  weighted  cord,  the  cord  pasMiig 
over  a  pullej  at  the  foot  of  the  bed. 

\Vhile  ateady  traction  is  being  maintained, 
a  long  posterior  gutter  aplint  of  plaster-of-Paris 
ia  applied  to  the  thigh,  and  three  coaptation 
splints,  one  placed  anterior]y,  one  intemadv, 
and  one  externally,  are  added,  and  the  vho\e 
held  firmly  in  plače  by  stripa  of  adhesive  plas* 
ter  passed  circularly  about  the  thigh.  A  Volk- 
mann  gliding  rest  is  next  adjusted.  The  foot 
of  tbe  bed  is  raised  aix  inches  by  blocks  to  pro- 
vide  counter-exten8ion.  The  foot  ia  kept  in 
right-angled  position  by  the  footpiece  of  ibe 
rest,  and  sand  bags  may  be  placed  along  the 
inner  and  outer  sides  of  the  limb  to  give  addi- 
tional  Bupport. 

Traction  by  sufficient  weight  prevents 
shortening.  The  weight  miiat  necessarik  i^arv 
with  the  individnal,  the  amount  of  reaistanfo 
to  be  overcome,  and  the  degree  of  longitudlnal 
displacfiiiciit  to  be  corrected.  The  weight  is  increased  graduallv  as  the  coffl- 
fort  i)f  the  paticnt  will  permit.  U8ually  15  to  25  poiinda  is  recpiired  for  adults- 
Tlie  eiTect  of  extenaiou  should  be  noted  from  daj'  to  dav,  and  measnrenienls 
niaiU',  iintil  shortening  lias  disappeared  or  haa  been  rediiced  to  a  minimiim- 
Slif^ht  iibdnction  preventa  ontwar(l  bowing  of  the  thigh,  and  the  pullev  oi^ei" 
wliifh  tlip  cord  niakes  extension  must  correspond  with  the  axis  of  the  limb  m 
this  position.  Tlio  Volkniann  aliding  rest  preventa  everaion  of  the  foot,  »"o 
tluTcfure  oiitward  rotation  of  the  leg  with  the  lower  fragment.  The  p^- 
tevior  gnttor  and  coaptation  aplinta  prevent  backward  displacement  of  the 
fratmionts, 

If  liitoral  displacement  of  the  fragments  is  present,  traction  in  oppositcdi- 
rcptioiis  iipoTi  the  cnds  of  the  fragments  ia  made  bv  attaching  bands  to  weifrhtw 
ciird«  \vlii{'li  pasa  over  pnllevs,  one  on  each  aide  of  the  bed,  At  the  end  of  5 
or  G  week3,  when  displacementa  are  no  longer  to  he  feared,  the  apparatua  is  re- 
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movet!  nntl  a  long  plaster  apica,  including  the  foot.  is  applied  to  fiiniisli  tlie 
necessarv  immobilization  till  union  is  complete.  Thia  is  worn  for  5  or  O  wceka, 
Biid  the  patieut  is  then  perraitted  tlie  iise  of  crutches.  Massage  and  passive 
motion  are  bcjnui  with  tlip  rpiiin\al  of  the  spica. 

SDpracoiidyloid  Fractme  of  the  Femur. — In  this  fracture  the  iipper  end  of 
the  ]ower  fragment  is  displaccd  baekward,  chiefly  throiigh  the  action  of  the 
ffastroeneniius  niiiscle.  Becaiise  of  this,  treatment  in  the  estended  position  ia 
usuall^  uiisatiafactorv.  To  re]ax  the  gastrocncmiiis,  the  leg  ia  flexe(l,  and  tho 
Hodgen'a  sptint  applied.  The  degree  of  flestion  ahonld  he  siifficient  to  bring  the 
fragmenta  into  proper  alignment.  A  pad  placed  bebind  the  upper  end  of  tho 
Jower  fragment  will  assist  in  keeping  the  lower  fragment  lifted  forward.  Aftev 
4  or  5  weekB  the  apparatns  is  removed  and  a  loug  plaster  spica,  inchiding  the 
foot,  is  applied.  In  the  application  of  the  spica,  čare  ahould  be  taken  to  have 
the  alignment  the  same  as  on  the  soiind  side.  The  patient  ia  permittcd  the 
Tise  of  crntchea.  At  the  end  of  eight  or  nine  week8,  imion  will  uauatlv  be  firm ; 
the  spica  is  removed,  and  tnasBagc,  aetive  and  passive  movements,  are  givcn 
dailv. 

FractnreB  of  the  Shaft  of  the  Femar  in  Youiig  Children. — VerticnI  auspen- 
eion  euggeeted  by  Si^hede  ia  tho  mnst  coiivcnient  and  aatiafactorj  metbnd  of 
treatment.  Adbeaive  strapa  are  applied  to  each  limb  as  in  Buck'a  estension 
sad  then  attached  to  a  spreader  beyoiid  the  šole  of  the  foot.  The  spreader 
38  attached  by  means  of  a  cord  to  a  right-aiigled  upright.  Traction  should 
"be  sufficient  to  lift  the  nates  free  from  the  bed.  The  conntenveight  of  the 
iKjdj'  acts  to  correct  overriding,  and  the  aonnd  limb  servea  aa  a  aplint  to  pre- 
Tpnt  angiiiation  of  the  fragmenta.  After  3  weeka,  iininn  ia  fairlv  firm,  and 
a  light  plaster  spioa  ia  applied,  the  foot  being  left  free.  Thia  ia  worn  for  2 
or  3  weekM. 

Fiactnrei  of  the  Lover  End  of  the  Femnr.- — ^These  are  (a)  intercondyloid 
fractures,  fb)  fractnre  of  either  condyle,  and  (c)  separation  of  tbo  Iower 
epiphyai8.  Aa  in  fracttirea  of  the  lower  end  of  the  hnmerua,  the  chief  objecta  to 
be  songht  are  acciirate  rediiction  of  the  fragmenta  and  preveution  of  ankylosi8 
of  the  knee  joint. 

INTEBCONDTLOID  FBACTUHE8.— These  are  T-  or  y-8haped  and  extend  into 
tho  joint.  If  the  main  fracture  ia  not  oblique,  the  tendencv  to  overriding  and 
angnlar  diaplacement  is  not  so  markcd,  and  the  limb  may  be  immobilized  in  the 
estended  poaition  by  a  long  circular  plaster  dressing,  extending  from  Ponpart'8 
ligament  and  including  the  foot.  The  plaster  should  he  carefiiUv  mouided  abnut 
the  knce  joint.  If  the  main  fracture  is  ob]ique,  it  may  be  neceasarv  to  employ 
traction.  Thia  ia  accompliahed  bj  the  iise  of  the  nodgen'8  splint,  with  the  leg 
B!ightly  flexed. 

FBACTUBE  OP  EITHER  CONDTLE.— Diaplacpment  is  iianally  slight.  As  the 
lateral  ligaments  are  tense  when  the  leg  is  extended,  thia  poaitinn  givea  more  se- 
curity  to  retention.  A  circular  plaster  dressing  is  applied  aa  in  the  intercondy- 
■  loid  fraetureB.    In  the  application  of  the  dressing  ia  theae  fractures,  special  čare 
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should  be  taken  to  havc  the  anterior-superior  spine,  middle  of  the  patella,  and 
middle  of  the  anklc  in  the  same  lino  as  on  the  opposite  side.  Early  massage  is 
an  important  factor  in  the  treatment.  To  provide  for  this,  a  removable  plaster 
dressing  is  made.  Passive  motion  should  be  begun  at  the  end  of  4  week8.  The 
plaster  dressing  is  used  8  or  10  week8. 

SEPAEATION  OF  THE  LOWER  EPIPHYSIS. — If  separation  of  the  fragmenta 
is  closed,  evcry  cffort  should  be  made  to  reduce  the  fragmente  without  incision. 
As  a  rule,  the  lower  fragment  is  displaced  forward,  the  lower  end  of  the  upper 
fragment  being  drawn  backward  into  the  popliteal  space  by  the  gastrocnemius. 
Keduction  may  be  aecomplished  by  the  method  suggested  by  Eeisman.  The  leg 
is  8trongly  flexed,  and  traction  is  made  upon  the  calf  by  an  assistant,  while  the 
surgeon  makes  traction  upvvard  on  the  thigh  and  at  the  same  time  pushes  down- 
ward  with  the  thumbs  upon  the  upper  border  of  the  displaced  epiphy8i8.  If  re- 
duction  is  successful,  the  leg  should  be  flexed  at  a  right  angle,  or  an  acute  angle, 
and  immobilized  in  a  circular  plaster  dressing,  extending  from  Poupart'8  liga- 
ment  and  including  the  foot.  At  the  end  of  4  weeks,  the  leg  is  graduallv  ex- 
tended  and  a  new  dressing  applied.  This  is  removed  at  the  end  of  the  eighth 
week,  and  massage  and  light  passive  movements  begun. 

FRACTUBE   OF  THE   PATEUiA 

The  degree  of  separation  of  the  f  ragments  depends  upon  the  contraction  of 
the  quadriceps  extensor  cruris,  the  extent  of  the  rupture  of  the  lateral  aponeii- 
roses,  and  the  amount  of  distention  of  the  joint  by  blood  and  sjiiovial  fluid. 
After  absorption  of  the  hemorrhage  and  effusion,  the  interposition  of  aponcu- 
rotic  aiid  pcriosteal  shrcds  mav  prcvcnt  complete  apposition  of  the  fragments. 
An  atteiiipt  to  reduce  tlio  f  ragments  should  not  be  made  until  nearlv  ali  thefluid 
has  beon  absorbed  from  the  joint.  In  order  to  liasten  absorption,  the  kiiee-joint 
is  immobilized  \vith  the  leg  in  the  cxtcnded  position  upon  a  posterior  raoiildeJ 
splint,  extending  from  just  above  the  anklo  to  the  fold  of  the  buttock.  This 
should  be  wido  enough  to  extcnd  for  a  short  way  on  to  the  sides  of  the  thiph 
and  leg,  and  should  be  mouldcd  to  the  parts  and  held  in  plače  by  a  muslin 
bandage  about  the  foot,  leg,  and  thigh,  the  knee  being  left  exposed.  About  the 
knee,  an  elastic  bandage  is  firmly  applied.  If  the  limb  is  to  be  treated  with 
massage,  the  muslin  bandage  is  removed  after  the  plaster  has  hardened,  and  the 
splint  is  held  in  position  by  adhesive  straps  passed  circularly  about  the  limh. 

When  the  swelling  has  subsidcd,  the  limb  is  elevated  in  order  to  rclax  the 
quadriceps  extensor  muscle,  and  the  lower  fragment  is  fixed  by  an  adhesive 
strap,  an  inch  or  more  in  width,  placed  across  the  lower  margin  with  the  ends 
carried  upward  and  backward  on  either  side  to  the  back  of  the  splint  The 
upper  fragment  is  then  dra\vn  downward  by  traction  with  a  similar  strap  passed 
across  the  upper  margin  and  fixed  to  the  posterior  surface  of  the  splint.  This 
strap  will  nced  f requcnt  adjustmont.  Adhesive  straps  cut  in  the  form  of  a  bro^d 
U  will  fit  the  part  more  accuratelv.     To  prevent  tilting  fonvard  of  the  frag* 
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nents,  a  third  strap  is  placed  across  the  knee  over  the  line  of  fracture.  As  an 
Liixiliary  to  the  straps,  the  quadriceps  is  held  firmi}"  by  coaptation  splints. 
rhese  are  fixed  in  position  by  adhesivo  straps  encircling  the  Hmb  and  posterior 
plin  t.    When  massage  is  given,  the  coaptation  splints  alone  are  removed. 


C. 


Fio.  12. — CiRCULAR  Plaster  Drbssino  roR  Fracture  op  Boneh  of  thk  Leo.  A,  Fracture  of  tho 
patella.  Applied  after  open  operation  or  aftor  uiiion  ha.s  occurrod  by  treatment  with  posterior 
splint  and  adhcsive  strap.  Fenestnim  over  patella.  Note  adhesive  strap,  a,  .shown  by  dotted  line 
to  prevent  slippin«  of  dressinii;.  B,  Fraotiire  of  hones  of  le«.  (Scudder.)  C,  Compound 
fracture  of  bones  of  leg.      Fenestnim  for  dressiuK  wound.     (Scudder.) 
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At  the  end  of  5  weeks  union  will  be  found  and  this  dressing  is  removed. 
A  light  circular  plaster  dressing  is  now  applied  and  the  patient  pennitted  the 
use  of  cnitclies.  The  circular  plaster  dressing  applied  in  these  cases^  as  well  as 
after  operation,  shoiild  extend  from  the  iipper  part  of  the  thigh  to  about  three 
inehes  above  the  ankle  joint.  To  prevent  slipping  of  the  dressing,  two  straps  of 
moleskin  adhesive  plaster,  exten(ling  from  above  the  knee  to  the  šole  of  the  foot, 
are  applied  to  the  sides  of  the  limb.  After  several  lavers  of  plaster  bandages 
have  been  applied,  the  lower  ends  of  these  straps  are  folded  back  over  the  end  of 
the  plaster  and  fixed  by  the  subsequent  turns  of  the  plaster  bandages. 

This  dressing  should  not  be  too  heavv  and  should  fit  snugly.  In  the  plaster 
dressing  applied  after  operation,  a  fenestrum  is  made  over  the  patella.  In 
these  cases,  it  is  well  to  reinforce  the  dressing  posteriorlj  by  extra  layers  of 
plaster  bandages  applied  longitudinallj  and  incorporated  between  the  spiral 
turns.  If  massage  is  to  be  given,  a  removable  dressing  is  made  by  cutting  the 
plaster  along  the  median  line  in  front  before  it  hardens,  and  sponging  it  off  the 
limb.  Strips  of  leather  supplied  with  lacing  hooks  are  stitched  to  the  edges. 
Passive  movements  are  begun  at  the  end  of  the  sixth  week.  The  circular  dress- 
ing is  removed  at  the  end  of  the  eighth  week,  and  a  light  posterior  moulded 
splint  applied  as  protection  against  sudden  accidental  flexion  of  the  knee.  The 
knee  should  be  protected  for  6  months. 

FBAOTUBES  OF  THE  TIBIA  AND  FIBUIiA.  OB  OF   THE  TIBIA  ALONE 

In  the  treatment  of  simple  fractures  of  these  bones,  the  choice  of  a  dressing 
will  depend  upon  (1)  the  degree  of  swelling,  (2)  the  amount  of  displaceraent, 
and  (3)  the  abilitv  to  retain  fragments  in  the  corrected  position  after  reduction. 

In  fracture  of  either  bone  without  displacement,  and  with  but  sligbt  swell- 
ing,  a  circular  plaster  dressing  extending  from  the  toes  to  the  middle  of  the 
thigh  mav  be  applied.  Before  the  plaster  has  hardened,  it  is  cut  dowii  along 
the  median  line  in  front  and  held  by  means  of  adhesive  straps  passed  circularlv 
about  tlie  dressing.  The  toes  should  be  watched  carefuUj  for  signs  of  interfer- 
ence  with  the  circulation. 

If  subsidence  of  swelling  renders  the  dressing  loose,  a  new  one  must  be  ap- 
plied. At  the  end  of  5  or  6  weeks  union  will  be  sufficientlv  firm  to  perrait  re- 
moval  of  the  dressing.    Massage,  active  and  passive  movements  are  begim. 

In  cases  with  swelling  and  displacement,  reduction  of  defomiitv  should  be 
eflFected  as  earlv  as  possible,  preferablj  imder  an  anesthetic,  by  traction  on  the 
foot,  eounter  traction  on  the  thigh,  with  the  knee  slightly  flexed,  and  by  manipn* 
lation  of  the  fra^j^nents  at  the  seat  of  fracture.  The  subcutaneous  crest  of  the 
tibia  sliouid  be  brought  into  line  and  the  fragments  carefullv  held  in  the  cor- 
rected ]>osition  wlnle  a  posterior  and  a  U-shaped  moulded  splint  are  appH^^- 

The  posterior  splint  begins  at  the  toes,  extends  along  the  šole  of  the  footana 
posterior  surfnce  of  the  leg  and  thigh  to  the  middle  of  the  latter.  The  r-shap^"" 
splint  extends  from  the  middle  of  the  thigh  on  one  side,  along  the  side  of  the 
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limb  aroiind  the  šole  of  tlie  foot,  and  along  tlie  opposite  aidc  of  tlie  limb  to  the 
same  height.  Theee  are  carefully  moulded  to  tbe  limb  and  bcld  iu  positioii  by 
a  muslin  bandage.  After  the  plaeter  bas  hardened,  tbe  bandage  is  removed  and 
the  splints  are  held  in  position  by  adhesive  straps  or  circular  bandages,  the  crest 
of  the  tibia  in  tbe  regioa  of  the  fracture  being  left  esposed  so  tbat  examiiiation3 
can  be  made. 

At  the  end  of  2  weeks  tbe  splints  are  cut  so  that  tbe  knee  joint  can  be  moved 
and  massage  is  begun.  These  splints  can  be  loosened  to  permit  8wel]ing,  tight- 
ened  as  swelling  aubsidea,  and  are  easi1y  removed  whcn  massage  and  passive  mo- 
tion  are  to  be  given. 

In  applyiQg  the  circular  plaster  dressing  or  moulded  splints,  the  patient  ia 


Fenestnim  over 


placed  so  that  tbe  hips  rest  at  the  edgo  of  the  table,  with  the  normal  limb  rest- 
ing  on  a  stool  or  chair.  One  assistant  supports  tbe  lioel  witb  one  band,  maintains 
right-angie  flexion  and  sligjit  adduction  with  the  other  and  raakes  tractlon.  A 
second  assistant  fiezes  the  knee  and  supports  tbe  limb  by  ]>lacing  one  hand  be- 
neath  tbe  tower  portion  of  tbe  thigb  and  the  otber  band  bencatb  tbe  upper  por- 
tion  of  the  leg. 

In  caaea  in  which  there  is  comminution  of  the  upper  end  of  the  tibia  or  in 
oblique  fractures  with  displacement,  where  it  is  difticult  to  retain  tbe  frag- 
menta in  position  after  reduction,  continuous  traction  mav  be  emp!oyed. 

Instead  of  the  fracture  box  and  the  dressing  supgested  by  Niell,  a  plaster- 
of-Paris  dressing  with  eitension  and  counter-exten8ion  (Lovett,  13)  may  be 
empIoyed. 

The  plaster  dressing  is  applied  in  thp  fol]owiiip  niannor :  The  limb  is  shaved 
and  the  akin  thoroughlv  cicansed.  JfoleHkin  ndbpsivc  straps  are  applied  to  the 
sides  of  the  limb,  extendinp  iipwar<l  and  d(nvn\viiid  froiii  the  scat  of  tlie  frac- 
ture. These  aro  held  in  plače  bv  strips  of  shHk-sIvc  jhis^mI  circnhirlv  mihI  spirallv 
about  the  limb.  The  foot.  leg  and  l(>w<-r  balf  ..f  tlir  tlii,-(i  are  inrloso.l  in  ahcet 
wedding  and  a  pad  2  or  It  indies  in  tbirliuf-;^  is  plin-cl  liclmv  tlic  sn|c  •>{  ilic  foot. 
A  circular  plaster  dressing  is  no\v  appliod  fnmi  the  tucs  tu  tlic  niidiUe  of  the 
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thigh  and  straps  siippHed  with  buckles  are  incorporated  in  the  sides  aboiit  3 
inches  from  the  upper  edge.  The  lower  straps  are  broiight  out  above  the  mal- 
leoli.  Before  the  plaster  has  hardened,  a  slit  is  cut  on  eaeh  side  of  the  ankle 
for  the  lovver  straps  and  a  fenestrum  is  made  over  the  seat  of  fractiire.  After 
the  plaster  has  hardened,  the  upper  straps  are  broiight  over  the  edge  of  the 
dressing  and  firmlj  attached  to  the  buckles.  The  lower  straps  are  fixed  to  a 
spreader  with  a  cord  attached  for  traction.  The  pad  below  the  foot  is  removed. 
After  2  weeks,  this  dressing  is  removed  and  a  circiilar  plaster  dressing  applied. 

In  fractures  with  considerable  swelling  and  associated  injuries  to  the  soft 
parts,  a  temporary  dressing  is  indicated. 

As  a  substitute  for  the  fracture  box  or  Volkmann's  trough  splint,  the  stock- 
ing  or  bi  val  ve  plaster  splint  of  Stimson  (14)  is  quite  useful.    It  is  prepared  in 


Fiu.  15. — Plaster  Traction  Spunt  for  Fracture  of  Bones  of  Leo.     Note  adhesive  straps  for 

traction  and  space  below  šole  of  foot  to  aUow  for  traction. 

the  following  way:  Two  pieces  of  muslin  are  cut  in  the  shape  8hown  in  the 
figure,  and  of  a  size  to  fit  the  limb.  These  are  stitched  together  along  the  median 
line.  Twelve  or  fifteen  pieces  of  crinolin,  each  a  little  smaller  than  a  lateral 
half  of  the  muslin  pattern  are  prepared,  soaked  in  plaster  crcam  and  placed  in 
each  half  of  the  pattern,  between  the  two  layers.  The  splint  is  then  applied 
smoothly  to  the  limb  and  held  by  means  of  a  muslin  bandage. 

WTien  the  plaster  has  hardened,  the  muslin  bandage  is  removed  and  the 
splint  held  in  position  bv  strips  of  muslin  bandage  applied  circularlv  and  tied. 

This  splint  conibines  the  advantages  of  the  Volkiuann  splint  and  later  en- 
casement.  Tt  can  bo  looscnod  or  tiij:hten(Ml  as  neods  a  rise,  porinits  easv  ins])oc- 
tion  to  (letoct  and  oorroct  (lofonnitv,  and  porniits  drossiiiir  of  jissociatod  \voinids. 

Marked  displareniciit  of  {]w  frainnciits  slionld  bo  corrcctcd  as  far  as  p(>ssil)!o 
before  the  applioation  of  tho  splint.  lllchs  aro  opcMiod  undor  asoj)ti(*  procan- 
tions  and  dusted  with  an  antiscptic  powder.  AsscK^iatod  woinuls  aro  cloanscd 
and  sterile  gauze  applied. 
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After  8welling  has  subsided,  a  more  accurate  reduction  of  the  fragments  is 
attempted  under  anesthesia,  and  a  permanent  dressing  is  applied.  If  wounds 
of  the  soft  parts  have  not  healed,  and  a  circular  plaster  dressing  is  applied,  a 
fenestriun  is  cut  over  the  site  of  the  wound. 


FBAOTUBES   OF   THE   FIBUI.A.  ALONE 

In  these  fractures,  displacement,  as  a  rule,  is  slight  for  the  tibia  serves  as  a 
splint  to  prevent  this.  A  circular  plaster  dressing  is  applied  to  prevent  move- 
ment  of  the  lower  fragment  by  twisting  of  the  foot. 

In  fractures  of  the  upper  end  of  the  fibula  the  knee  is  slightlj  fleied  to 
relax  the  biceps  femoris. 

POTT'S  FBAOTUBE 

With  the  spreading  apart  of  the  malleoli,  there  are  lateral  displacement  of 
the  foot  outward  and  anterior  posterior  displacement  of  the  foot  backward. 

Reduction  is  best  elfected  under  anesthesia  by  mak- 
ing  lateral  outward  pressure  upon  the  intemal  mal- 
leolus,  lateral  inward  pressure  upon  the  foot,  and  fo^ 
ward  pressure  upon  the  heel.  Retention  is  most  satis- 
factorily  maintained  by  the  use  of  the  posterior  and 
extemal  lateral  moulded  splints  of  Stimson. 

These  are  made  of  4-inch  plaster  rollers.  The  pos- 
terior extends  f  rom  the  toes,  along  the  šole  of  the  foot 
and  up  the  calf  nearly  to  the  knee. 

The  lateral  splint  begins  just  in  front  of  the  exte^ 
iial  malleolus,  passes  over  the  dorsum  of  the  foot  to  the 
inner  side,  under  the  šole,  and  up  along  the  outer  side 
of  the  leg  to  the  same  height. 

These  are  snugly  moulded  to  the  limb  and  held  m 

position  by  a  muslin  bandage  and,  while  the  plaster  is 

setting,  the  foot  is  maintained  in  right  angle  flexion, 

inversion,  and  adduction.     After  the  plaster  has  hard- 

eiied,  the  bandage  may  be  removed  and  the  splint  held 

in   position  by   adhesive  straps  or  circular  bandages 

about  the  foot,  just  above  the  ankle,  and  at  the  upper  part  of  the  leg.    If  there 

has  been  considerable  displacement,  the  splints  are  carried  to  the  middle  of 

the  thigh. 

These  splints  are  preferable  to  complete  encasement  in  plaster  because  thev 
permit  inspection  of  the  inner  side  of  the  ankle,  can  be  easily  loosened  to  allo^ 
for  swc]liug  and  can  be  tightened  as  svvelling  subsides  without  disturbing  the 
position  of  the  fragments. 

^Massage  of  the  exposed  parts  is  begun  during  the  third  week.  Splints  are 
removed  in  5  or  6  weeks. 


Fio.  16. — Stockino  or  Bi- 
VALVE  Splint  for  Frac- 

TURE    OF    BONES    OF   LeG 

wiTH  Considerable 
SwELLiNO  OF  Soft  Parts. 
A  aubstitute  for  Volk- 
manu's  trou^h  splint  or 
the  fracture  box.  (Stim- 
Bon.) 
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rBAOTDB£  OF  BONES  OF  THE  FOOT 

The  skin  of  the  foot  and  leg  ebould  be  thorouglilv  cleansed  and  covered  with 
a  Bterile  dressiiig.  The  heel  and  ankle  ahould  be  wcll  protected  bv  sheet-wad- 
ding  and  a  p08terior  moulded  aplint  estending  from  the  toča  to  the  knee  may 
be  applied  and  held  in  position  with  a  bandage. 

After  BwelUng  bas  subsided,  a  removable  circular  plaster  dressinn;  is  applied 


to  the  foot  and  leg  witb  the  foot  in  the  right-angle  position.  Special  čare  sbould 
be  taken  to  have  the  bcol  and  malleoli  wcll  paddcd. 

For  the  application  of  thia  dressing  an  ancsthetic  stio\ild  bc  given  and  dis- 
placement  corrected. 

In  fractures  of  the  metatarsal  bonea,  a  felt  pad  alioiild  be  placed  on  the 
plantar  aurface  to  aasist  in  supporting  the  transverse  arch. 

In  fractures  of  the  tarsal  bones,  the  circular  dreasiug  should  be  wom  for  6 
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or  8  weeks.  In  fractures  of  the  metatarsal  boncs,  tho  dressing  is  won3  for  4 
weeks.  If  paiu  persistc  v/hen  the  patient  begins  to  walk  a  metal  insole  should 
be  worn. 


PLASTEB   JAOKETS 

The  plaster  jacket  has  its  widest  application  in  the  treatment  of  tuberculous 
disease  of  the  spine.     It  is  used  also  in  the  treatment  of  lateral  cnr\'ature,  in 

cases  in  which  the  deformed  spine  is 
painful,  and  in  fractnres  of  the  verte- 
brse.     As   with   splints   applied   for 
fractures,  the  jacket  is  not  used  to 
correct  deformitv,  but  to  immobilizi 
the  spine,  and  thus  protect  the  alfect — 
ed  vertebrse  from  injurv  during  th 
process  of  repair,  and  to  limit  an\"' 
increase  of  deformity.     Again,  as  i 
fractures,  the  plaster  jacket  shoul 
extend  sufficientlv  above  and  belo 
the  alfected  part  to  secure  comple 
immobilization,  and  ali  bonv  promi-  -3 
nences,    including    the    deformitv-  — - 
should  be  protected  from  pressure  h}\^^ 
proper  padding. 
Jackets  are  made  by  applying  layer8  of  plaster  bandages  around  the  trunk,^-  '^ 
after  the  improvcd  ])osition  of  the  spine  has  been  secured  by  traction  or  hvper — ^ 
extension.     During  the  application  of  the  jacket,  the  patient  is  either  in  the^ 
upright  or  the  recunibcnt  position.     In  the  recumbent  position,  he  may  beu^' 
placed  either  prone  or  supine. 
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Fia.  18. — Lateral  Plaster  Splints  por  Frac- 
TURB  OP  BoNES  OF  Leo.  Prcparcd  by  first 
applying  a  circular  plastor  dressing  and  cutting 
it  in  the  median  line  anteriorly  and  posteriorly. 
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APPLICATION  OF  JACKET  WITH  PATIENT  SUSPENDED    (SATEB) 

The  patient^s  clothes  are  removed,  and  the  skin  thoroughly  cleanscd  wi 
soap  and  watcr,  followed  bv  an  alcohol  rub  and  a  dusting  powder.     A  snugl>^^ 


fitting  seamless  undershirt,  or  tricot  hose,  is  slipped  over  the  head  or  feet.  I 
tho  tricot  hose  is  used,  cuts  are  made  in  the  mid-axillarv  lines  and  the  end 
brought  up  over  tlie  slioulders  and  tied.  It  is  fastened  beneath  the  perineum 
with  a  safetv  pin.  The  shirting  should  reach  from  the  neck  to  the  ankles.  Iiir 
side  this,  two  strips  of  niTislin  bandage,  the  "scratch  bandages  of  Ix)renz"  a 
placed,  one  in  front,  the  other  behind. 

Tho  liead  sling  devised  bv  Calot  (12)  is  now  adjusted.     This  consists  of 
circular  piva^  of  canvas  C^  cm.  \vide  (2.4  inches)  and  108  cm.  (67.2  inches) 
circunifcrenco,  to  \vhich  is  9ewed  a  tailpiece  104  cm.  (416.6  inches)  long.    T 
occipitof rontal  circumference  of  the  patient's  head  is  measured,  and  2  cm.  add 
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to  this.  This  len^h  is  measured  oflF  on  the  circular  part  of  the  slinfi^,  and  safetv 
pins  are  inserted  in  such  a  way  that  the  tailpicce  conies  in  the  niiddle  bchind  the 
oeciput.  The  sling  is  adjusted  to  the  chin  and  occiput,  and  the  two  loops  aro 
fixcd  to  the  notches  at  the  ends  of  the  iron  eross  bar.  The  tailpiece  is  attached 
to  the  center  of  the  bar  and  prevents  the  head  from  tilting  back\vard.  To  the 
center  of  the  bar  is  attached  a  svstem  of  ropes  and  pullejs,  fastened  to  a  crane, 
8wung  from  the  wall,  or  to  a  wooden  tripod,  or  two  ladders  hinged  at  their  upper 
ends. 

The  arms  are  extended,  and  the  hands  grasp  the  cross  bar.  This  aids  exten- 
sion  of  tlie  spine,  and  diminishes  the  strain  upon  the  neck.  The  patient  is  then 
raised  so  that  the  tips  of  the  toes  touch  the  floor  or  a  stool.  The  patient's  trunk 
should  be  on  a  level  with  the  arms  of  the  snrgeon,  seated  and  applying  the 
bandages.  An  assistant  steadies  the  legs,  to  prevent  swaying  of  the  body  and 
inadvertent  flexion  of  the  thighs. 

Before  beginning  the  application  of  the  plaster,  aH  wrinkles  are  smoothed 
out  of  the  shirt,  and  pads  of  felt  are  prepared  for  the  anterior-superior  spincs 
and  crests  of  the  ilia.  Two  strips  of  felt,  each  6  inches  long,  one  inch  wide, 
and  of  sufficient  thickness  to  prevent  pressure  of  the  plaster  on  the  protruding 
spine,  are  also  prepared.  These  are  to  be  placed  longitudinally  at  the  sides  of 
the  kvphosis,  and  to  press  upon  the  lateral  masses  of  the  vertebnc. 

The  snrgeon,  seated  behind  the  patient,  applies  the  plaster  rollers,  beginning 
below  the  great  trochanters  and  extending  npward  under  the  axilla  and  over 
the  top  of  the  stemnm,  fixing  each  pad  in  position  as  the  tums  of  the  bandagc 
reach  it.  Several  thicknesses  of  sheet  wadding  or  gauze  are  placed  in  the  axill8D 
to  protcct  the  skin  from  friction  of  the  finished  jacket. 

The  bandages  are  applied  smoothly,  in  circular  and  spiral  tums,  the  plaster 
thoroughly  worked  into  them  by  the  hand,  and  the  whole  carefully  moulded 
over  the  bony  prominences.  It  is  important  to  have  the  jacket  strong  in  front 
as  well  as  behind,  and  it  should  extend  as  high  as  possible  in  front  in  order  to 
s^ure  the  necessary  extension.  While  the  plaster  is  hardening,  and  while  the 
patient  is  stili  suspended,  the  edges  of  the  jacket  are  trimmed.  Below,  a  cres- 
centic  piece  is  removed  on  each  side  at  Poupart'8  Hgament  to  permit  flexion  of 
the  thighs,  a  tongue-shaped  piece  being  left  over  the  svmphvsis  pubis.  At  the 
sides,  the  jacket  is  cut  away  until  it  conforms  with  the  upper  limit  of  the  great 
trochanters,  and  posteriorly  it  is  trimmed  so  that*  it  will  not  intcrfere  with  the 
sitting  posture.  Above,  a  crescentic  piece  is  removed  from  each  axilla  to  per- 
mit adduction  of  the  arms.  Anteriorlv  it  must  not  bc  cut  l)elow  the  Icvcl  of  the 
suprasternal  notch,  and  posteriorlv  it  is  cut  across  from  the  uj^per  limits  of  the 
axillarv  folds. 

After  triniming  is  coni  plete,  the  lower  portion  of  tho  sliirtiiic:  is  turncd  up 
over  the  jacket  and  sowe(l  to  tlio  upper  part  filouir  the  ocliro  of  tlio  jacket.  This 
prevents  the  edires  of  the  jacket  from  irritatiiiir  tlio  skin.  Tlie  (mkIs  of  the 
"scratch  bandages"  are  brought  togetlier  ovor  \\w  jacket  and  ticd. 

With  good  plaster  sufficient  hardening  \vill  have  (K^curred  bv  tlie  tinie  the 
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jacket  has  been  completed  to  permit  the  release  of  the  patient  from  the  ap- 
paratns.  The  patient  is  lifted  out  of  the  apparatus  by  placing  the  hands  in  the 
axilla?.  lie  should  either  stand  or  lie  iipon  his  side  for  several  hours,  The  sit- 
ting  posture  should  not  be  assunicd  nntil  the  plaater  has  thoroughly  hardened. 

R.  Tunstall  Tavlor  adds  to  the  siispension  forward  pressure  at  the  seat  of 
defonnity  by  an  instrument  called  the  kyphotone.  In  this  method  the  patient 
is  seated  on  a  bicycle  saddle,  and  while  strong  traetion  is  applied  to  the  head,  ioT- 
ward  pressure  is  made  over  the  kyphosi8. 


APPLIOATION  OF  THE  JAOKET  WITH  PATIENT  IN  THE  BECfUMBENT  POSITIOV 

(PBONE) 

In  the  application  of  the  jacket,  with  the  patient  in  the  prone  positiou,  the 
gas  pipe  frame  (Bradford)  is  used.     This  is  a  rectangular  frame  made  of  gas 


Fio.  19. — Application  of  Jacket  with  Patient  in  the  Recumbent  Position.     Patient  placed  prone 
on  the  gas  pipe  frame.     (Bradford.)     Plaater  rollers  applied  as  far  as  the  apex  of  the  kyphoai9. 


pipe,  within  which,  at  the  head  cnd,  there  is  a  smaller  frame  fixed  to  the  sidc 
bars  hy  hint»os.  The  iniior  frame  v.nn  be  elevated,  and  its  position  fixed  on  a 
curvod  upri«iht  as  shovvn  in  tlie  tigure.  To  the  cross  bar  of  the  inncr  frame  is 
attach(Kl  one  cnd  of  a  lianniKK^k,  made  of  stout  eloth  or  canvas.  The  other  end 
of  the  hammock  is  tixe(I  to  a  movable  bar,  eonnccted  by  ropes  to  a  ratchet  at  the 
foot  end  of  the  frame.    By  tuming  the  ratchet  the  hammock  is  tightened.    The 
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paticnt  is  preparod,  as  described  abovc,  and  placed  (face  down)  on  the  ham- 
mock,  with  the  kvpliosia  on  a  line  with  the  hinge  of  the  inner  franie. 

The  hflnimock  cloth  is  ciit  longitudinall^  along  the  sides  of  the  patient'a 
bodv,  and  the  parta  not  nnder  the  bodj  are  removed.  A  circuJar  opening  is  cut 
for  the  face,  and  the  forehead  is  snpported  on  a  strap  placed  between  the  bara. 
A  cross-piece  about  8  inches  in  width  is  placed  beneath  the  baminock  at  the  up- 
per  portion  of  the  tbighs,  and  to  thie  the  patient  is  fiied  by  a  strap.  The  bony 
prominences  are  padded,  and  stripa  of  felt  of  snfficient  thickness  to  prevent 
pressure  of  the  plaster  on  the  spines  are  placed  at  the  sides  of  the  deformit;. 


The  plaster  rollers  are  appHcd  beginning  below  and  are  carried  upward  as  far 
as  the  apex  of  the  kjphosis  and  alloncd  to  harden.  The  dosired  amount  of 
hyperextenBion  is  secnred  by  raising  the  inner  framc.  Hyperextension  is  car- 
ried to  the  point  of  slight  diseomfort,  and  the  jacket  completcd.  In  thia  wa.v 
hyperextenaion  is  secnred  at  the  seat  of  the  discaae.  The  jacket  is  trimmed  in 
the  manner  describcd  ahove. 


APPUOATION  OF  JACE£T  wrEH  PATIENT  IN  RECUMBBNT  POSITION  (SUPINE) 

To  avoid  oftniprossi.in  of  tiic  chi-st  aiid  llnll<-iiiuir  "f  llic  ;il>d.iiiicTi,  wliicli 
occnr,  to  some  cxtfiit.  \vhrTi  the  jiickct  is  :i)i[>lic.l  \villi  tlic  [.iiliiTil  iii  tlic  ]>r<inc 
position,  the  jacket  niav  iic  ;ij>plic(l  \vitli  llic  patictit  Ivinir  ,,ti  lii^  li:ick. 

To  secure  the  neeessarv  hvpcrcxtcusioii  nf  tlic  sjiiiic,  f!ol(illiw;ut  bas  de- 
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vieed  tlie  foliowing  apparatiis:  An  iipright  steel  rod  is  arranged  witli  a  forked 
top,  on  whicb  two  attachable  pad  plates  can  be  placed.  The  rod  iits'on  a  frame, 
and  can  be  raised  or  lowcred  hy  means  of  a  ecrew.  The  patient  is  so  placed 
that  whi1e  tbe  shoulders  and  pelvia  aro  aupported  on  cross-pieccs  of  tlie  frame, 
the  kvphosis  roata  upon  the  pad  plates.  By  raising  the  bar,  the  countenveight 
of  the  l>ody  acts  to  hyperextend  the  spine  at  the  seat  of  deformit_v.  Exaggerated 
lordosis  is  prevented  bv  fiexing  the  thighs.  The  jacket  is  applied  in  the  usuil 
manoer,  and  after  ita  eompletion,  the  roda  within  are  withdrflwn. 

In  tho  absence  of  one  of  these  forma  of  apparatus,  the  jacket  may  be  applied 
in  one  of  the  following  wayB : 

(1)  The  patient  ia  placed  between  two  tables,  so  that  his  shoulders  rest  on 
one,  while  his  thighs  rest  upon  the  other.     The  thighs  are  held  finnly  by  one 


Fio.  21. — Frame  roa  the  Applicatiok  aw  Pi.abtek  Jackbt  in  DouaIi  Position. 


assistant,  wbo  makes  stead.v  traction,  while  counter-traction  is  made  V 
a  seeond  assistant,  who  graaps  the  patient'8  arins  close  to  the  axilla.  The 
weight  of  tbe  triink  gives  the  neeessary  hyperexten3ion  to  overcome  tfie 
defoniiity. 

(2)  A  hammock  mav  be  made  of  miislin  or  canvas  and  siispended  betwcen 
two  wal]3.  The  patient  ia  placed  on  the  hammock,  face  dowDward,  with  arras 
and  lega  extendcd.  The  hammock  mav  be  made  taut  or  alIowed  to  sag.  and  in 
tbis  wa_v  the  dcsired  degrcc  of  hyperextension  is  secured.  The  plaster  bandapra 
inehide  the  hammock,  tho  exccs8  of  »hich  is  cut  away  after  tbe  plaster  U' 
hardcned. 

Tho  ordinarv  jacket  is  most  seri-iecable  for  diseasea  below  the  ninth  dorsal 
vcrtcbra.  For  diaeases  of  tbe  cervical  and  npper  dorsal  vertebra',  a  jury  mast. 
or  liead  slinir,  is  ineorporatcd  in  the  dorsal  portion  of  tbe  jacket  in  ordertore- 
licve  the  spine  fom  tlic  prcsaiirc  nf  tbe  anporimpo.iicd  weigbt  of  the  bead-  T""' 
is  imsatisfiictorv,  bccanse  it  is  ilifficiilt  to  adjust  and  to  kcep  adjustcd.  aiii^ '" 
uncdiiifoi-tablo  to  the  patient.  For  diseaae  of  tbese  parts  of  the  spine,  for  dis- 
ease  \vith  nnich  defonnitv,  and  for  casea  of  Pott'8  parapl^a,  the  jacket  de- 
vised  bv  Calot  ia  the  most  efEcient. 
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The  patieiit  is  prepared  and  aiiapeinjuil  as  ilcseribed  above.     If  tlie  "granJ 

jacket"  ia  to  be  apptied,  a  piece  of  stockiiiette,  reachinjr  over  tbe  top  o£  the  heail, 

and  witli  a  bole  cut  out  for  tbc  noše,  is  applied,  and  the  paticnt's  chiii  aml 

occiput  are  careful!y  padded.     For  the  jacket  with  military  collar,  a  collar  of 

felt  is  sewed  to  the  top  of  tbe  sbirt     An  assistant  steadies  the  patieiit  by  Iiold 

ing  tbe  arms  at  an  angle  of  45°  witb  tbe  body,     A  large  triaugiibir  pad  of  non 

absorbent  cotton  ia  placed  provisionallv  over  the  aternum 

and  anterior  as[>cct  of  the  riba.  and  tbe  bonv  prominences 

protccted  by  pieces  of  felt  in  tlie  naiial  nianner, 

Calot  uaes  plaster  bandages,  freshhj  prepared,  hy  im- 

mersing  crinoliiie  bandagea   in   plaster  cream,   unrolling 

and  rerolling  tbem  rapidiv.     Tbe  plaater  bandages  pre- 
pared iu  the  ordinarv  wa_y  are  preferable. 

The  plaster  bandagea  are  applied  amoothlv,  beginiiiiig 

beIow  as  in  tbe  ordinarv  jackets,  but  paasing  upward,  tbe 

turna  inclndc  tbc  sboulders  and  axillir  and  encircle  the 

neck  if  tbe  jacket  is  to  be  one  witb  the  niilitary  collar,  or 

include  the  head,  avoiding  tbe  hole  cut  for  the  noae  in 

čase  of  the  "grand  jacket,"     After  aevcral  layer8  of  tbe 

iplaster  bandages  have  been  completed,  the  auxiliary  pieces 

tre  applied.     These  consiat  of  several  sbeeta  of  crinoline, 

prevtoiialy  meaaiired  to  fit  tbe  parta,  and  iinpregnated  witb 

freah  plaater  cream.     For  the  jacket  with  military  collar 

.tiiere  are  thrco,  two  aprona,  front  and  back,  and  a  collar; 

fer  thegraiid  jacket,  two  aprona,  a  cbin-piece,  and  a  piece 

jfor  the  occiput.     Tlie  apmns  are  tbe  length  of  the  tnink 

plus  oue-balf,  and  the  width  of  each  is  cqiial  to  one-half 
the  circuniference  of  tbe  triink.  Kach  apron  is  slit  at 
its  iipper  end  for  onc-third  ita  length,  and  the  slit  cnda  are  paased  over  tbc 
shouidera  and  into  the  axillffi,  the  enda  from  the  front  and  back  being  aupcr- 
imposed.  The  Iower  enda  of  the  aprons  are  folded  npon  thcraaelves  and  worked 
in  witb  the  circiilar  turns.  These  aro  nicked  witb  tbe  scissors  if  nece8aary  in 
ortler  to  make  tbem  fit  smootblv.  The  collar  is  niade  about  the  lietght  of  tbe 
Paticnt's  neck,  and  one  and  a  half  of  its  circiiniforcnce.  The  pieces  for  the  chin 
^nd  occiput  in  tbe  grand  jacket  sbould  be  about  -i  by  6  incbea,  and  ahonld  ex- 
t;«nd  downward  from  these  pointa. 

After  the  anxiliary  pieces  have  been  placed  in  poaition,  the  jacket  is  com- 
Jjleted  as  quickly  aa  possible  by  circular  and  spiral  tnrna  of  the  plaater  bandages 
outside  of  tbeae,  and  the  wboIe  carefully  moulde<l  to  the  pelvio  and  abouldc 
jjirtiles.  The  jacket  is  now  trimmeil.  A  small  triangular  opening,  apex  up- 
■ward,  is  mado  over  the  sternnm.  and  the  cotton  pad  removed.  The  jacket  is 
"Arinimed  beIow  as  in  ordinarv  jacketa.     Above,  the  jacket  with  the  militflry  col- 


Fia.  ai— SiBi 
Jackbt.     (Cobot.) 
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lar  is  trimincd  at  the  junction  of  the  cliin  and  neek,  wbilc  the  grand  jacket  in- 

cliides  tlie  cliin  nnd  occiput,  leaving  the  eara  free.  The  shoiilders  aro  cxposeti, 
and  the  creseentic  piece  is  reiiiovcd  froni  eaeb 
axilla  to  pennit  free  range  of  iiiotion  to  tlie  amis. 
The  patient  ia  now  released  from  the  sling  anJ 
placed  face  downward  over  the  edge  of  the  bed- 
He  is  watched  for  a  while  to  see  that  his  breathing 
is  not  impeded. 

At  the  end  of  48  hours,  a  larger  window  is  ciit 
anteriorly  as  shown  in  the  figiire,  Posteriork 
over  the  kj-phosis  another  window  C  by  3  iiiches 
is  made.  Tbe  sbirt  is  opened  hy  two  cross  ciits, 
the  skin  anointed  with  vaselin,  and  piecea  of  cotton 
a  little  larger  than  the  window  are  wcd2ed  under 
the  shirting  hy  mcans  of  a  spatiila.  The  ed;^  of 
the  opening  in  the  shirt  are  folded  baok  in  plače, 
and  successive  layera  of  cotton  are  placed  over  the 
M  iiR~  (ip=n  kypho8is  until  they  project  bevond  the  level  of  the 

Kll%    I  \M     j  jacket.     These  are  held  in  plače  and  presscd  iipon 

by  circular  turne  of  plaster  bandages.  This  pro- 
cedure drives  the  kypho3is  forward,  and  the  large 
window  anteriorly  pennits  the chest  to  jield  under 

presBure  from  behind.     At  intervals  of  two  months,  as  the  kvphosis  recedes, 

additional  layers  of  cotton  are  applied. 

The  jacket  should  be  well  padded,  fit  Biiugly  and  be  comfortable.  It  sbould  be  of 
uniform  thicknoss  througbout,  and  abould  be  as  light  as  is  compntible  witli  stren.Ttb. 
Parenta  should  be  instructed  in  the  uae  of  the  "scratch  bandajtos,''  and  tliese  bIiolIi! 
be  used  daily  in  ordor  to  keep  tbe  skin  in  good  condition.  Parenta  sbould  bi-  euulioneJ 
againat  letting  any  object  fall  inside  tbe  jacket,  and  sbould  be  instruoted  to  walcb 
earefully  for  any  foul  odor  emanating  from  tbe  jacket.  Thia  Jndicates  escoriation  of 
tbe  akin,  and  calla  for  the  immediate  removal  of  tbe  jacket. 


The  jacket  is  removed  by  cutting  it  along  the  median  line  in  front.  Bt 
making  a  feneetnim  over  the  site  of  the  excoriation,  tbe  prcssure  is  relieved  and 
treatment  made  possibie.  The  jacket  is  readjiisted  and  held  by  adhesive  straps 
till  the  woiind  has  healed,  after  which  a  new  jacket  is  applied.  A  good  jackel 
will  laat  from  2  to  6  months.  If  the  "scratch  bandages"  are  properly  used,  the 
akin  will  remain  in  good  condition. 

E.  KEMOVABLE  jACKETSj  After  the  jacltet  haa  been  applied.  it  is  ciit 
down  in  front,  and  straps  provided  with  lacing  holes  are  aewed  to  tlie  edees. 
These  jacketa  do  not  fnmish  sueh  eificient  support  as  the  fixed  jaoketa  during  tlie 
aciitc  strtgc  of  tbe  disease,  but  are  most  eiiitable  for  uae  in  convaieacont  easea,  or 
cases  where  sloiighs  or  excoriationa  are  preeent. 
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J»r«M-fSS('>  Jllnlic,   i:.      .-  .;i^jj    jg 

inciit    nr  SVlllptlMn:- 

inc!it  \vitlioiir  coni  -■  . 
I»liic('iiiriit  witli  svnij  ■   ■. 
ri'li(.'t*  ol' svniptonis  CUL   • — 

1 11  tli('  rcMluctioii  oi   .-.:    - 
ciiro  ^-lu^lM  l>c  ox('rcisC'':  * .  ;. 
incn';is(Ml  iniiirv  to  tliCM--  : .. 
iiifk«'t   Mpj>li(Ml.     \Vitli  larj-  . : 
l*nl|(>\vinir  \Viiv:     A  huttoiil*:—  -.   - 
priiiniiicnccs  ]>ii<l<l('(l  in  the  v.-.-. 
\vitli  ii  support  uikKt  tlie  pel  v!-,  i  -. 
(l('i\»rinity  is  protectc«!  hv  pa(i>    :  :•  ■ 
l»r:i',  a  sliiiiT  is  pjisscvl  nnmnd  'i.r  ■  *. 
f« »rinit  v,  and  tli(»  cntls  of  the  sliiii*  ■  '■-  .  • 

■ 

>inn  :ipj»aratns.     As  the  l>ar  is  ^'.-  ■  ;- 

ti  it'  IhmIv  (»pcratcs  to  corrcct  tlie  <!<-:  — ■ 

NNlicn  tlic  (Icforniitv  lias  bom  f  rr^'- 
Tlics<»   iiH-huU*  tlio  slinir,  tlio  excos-     :    v 
CMncTiionco  aitcr  tho  plaster  lias  lian]'::.*-.. 
a]H>li('(l  \vitli  tlir  jKiticnt  in  the  prone  jh-.;-    -_ 
tliielis  exten(l(Ml  jin«l  iinnlv  seonre<l  Viv  ^^  .-. 
rattMJ,  thus  ]>erniittinir  the  tnink  to  rcri.tf.:.      ■  ■      .... 
\vci:ilit  of  th(?  bodv  irives  the  nece.ssarv  exv:.v-.   •.. 
usuiil  inaniier. 


SPICAS  FOR  CASES  OF  CONGENITAL  DIEjV**'-^ 


Tn  eases  of  contrenital  dislooation,  the  n;'::::.«-- -.  - 
siifVici(»nt.  (•a]>ac'ity  to  rotain  the  head  of  the  fern^ir  v.  - .-  - 
att  itiide.     After  rednction  has  he(.»n  seciired  hv  t,  ^ ,   . 
iii  riirht-antrled  nexion  and  hvperahdnction    \\'v\.  *'t.    ;.. 
tinn  is  maintained  l\v  a  short  spica  cnpirflinir  rKf-  y. ■■.?--  •, 
aii<l  the  pfdvis  and  roaehinir  thf  knee  joint.     Tr  !?:  t...:.,> 
tlirse  eases  to  have  a  \vell-tittinir  plaster  drf^^i'i'f   -r-;   . : 
the  fenmr  in  the  af-etalnihini  while  the  parient  v.;:.  ■-  >  -      . 
fjilariies  l»y  the  prcsenoe  of  the  head.  and  rl.r.    ..r.  -:  .., 
])r('V('nts  their  atrophv. 

Application  of  Spica.-   -AftcM- rodn^-tion.  ;:'.•:  .:-' \  -, 
aiio=itIietic-,  it  is  plaeed  npr.n  a  pchic  .-iir.[,r.;*   ...     .    , 


h_yperabdiicte<i  positiun  with  tlie  legs  fiesed,  hj  an  asflistaiit,  The  scratch 
baudage  ia  placed  over  the  abdoinen  and  thigh,  and  the  abdomen,  pelvis,  sad 
one  or  both  tliigha  and  kiieea  (depending  on  the  caae)  are  covered  with  aheet 
wadding  in  the  form  of  roller  bandages.  The  perinciim  is  entirely  ravered  bv 
figure-of-eight  turna,  and  extra  padrt  of  the  same  material  are  pla<;ed  over  the 
anterior-aiiperior  apinoa  and  crests  of  the  ilta  and  the  sacrum.  The  luethodof 
applving  the  plaster  rollers  variea  somevvhat  in  unilateral  and  bilateral  coaea. 

TJNILATERAL  CASES, — In  the  unilateral  enses,  the  plaster  roller  hcgim  nI 
the  anterior-superior  spine  of  the  aonnd  side,  is  carried  acrosa  the  pelvis,  donn 
the  inner  aurfaee  o£  the  thigh,  antl  round  the  knee  of  the  affected  side,  tlip;i 
aiong  the  poaterior  surface  of  the  thigh  and  pelvis  to  the  starting  point.  This  is 
repeated  several  times  and  when  the  bandage  reacbea  the  knee,  spira!  turna  ure 
applied  to  the  thigh  till  the  pelvia  is  reached,  when  thia  part  is  covered  bv  fig- 
ure-of-eight  tiirna,  and  the  iower  portion  of  the  abdoinen  \vith  spiral  turns.  This 
18  repeated  with  spiral  tnrns  to  the  thigh  and  lower  alidomen,  and  figure-o(-eiglil 
turna  for  the  pelvis  until  the  dressing  ia  of  the  dcsired  thickness. 

BILATERAL  CA8ES.— In  tho  bilateral  eases  the  plaster  roller  b^insattlie 
knee  of  one  side,  paascs  along  the  inner  aurfaee  o£  the  thigh,  acroaa  the  pelni, 
along  the  inner  aurfaee  of  the  oppoaite  thigh,  around  the  knee,  and  ia  tlien  car 
ried  posteriorly  to  tbe  atarting  point.  Several  complete  turns  are  niade,  ind 
when  the  knee  is  reached,  spiral  turns  to  the  thigh  are  begun.  Theae  are  carri«! 
upward  to  the  pelvia,  when  figure-of-eight  turna  are  applied  to  the  Intter  and 
spiral  turns  aro  carried  down  the  opposite  thigh  to  the  knee.  The  drcasiniji' 
reinforced  anteriorI_y  by  several  lajers  of  plaater  handages  extending  from  knee 
to  knee,  and  complctcd  with  apiral  turns  to  the  thigh  and  lovver  abdomen,  ainl 
figiire-of-eigbt  turna  to  the  pelvis, 

After  the  application  of  the  plaster  bandages  ia  complete,  a  large  fenestnini 
ia  cut  from  the  perineal  region,  and  the  drcaaing  trimmed  about  the  knee  tn 
pemiit  walking.  Abovo  in  front,  the  dressing  is  cut  down  to  the  level  of  ihe 
umbilicus.  The  ends  of  the  scrateli  bandage  are  brongbt  over  the  spica  and 
tied.  As  soon  as  aoreness  and  diseomfort  have  disappeared  (in  about  a  wce!!or 
10  davs)  the  patient  is  eneouraged  to  walk.  Such  cfforta  force  the  replaced  bcad 
deeper  into  the  acetabuhim,  atimulatc  its  growth  and  thne  increaae  the  atabilitv 
of  tbe  reposition.  In  unilateral  caaes  a  shoe  with  a  high  šole  is  uaed  on  the 
affected  side;  in  bilateral  caaes,  a  small  atool  on  wheela  bas  been  de^isp'- 
by  raeans  of  which  the  patient  propels  himself  and  thus  makes  use  of  tb« 
rauscles. 

The  spica  is  wom  3  montha,  after  which  it  ia  removed,  Abduetioo  u 
leasened,  and  a  new  dressing  applied  with  the  limb  in  the  ne\v  position.  Aftff 
the  removal  of  the  last  dressing,  massage  and  paaaive  motion  are  begun,  and  n 
hip  splint  ia  worn  for  severa!  montha.  Tbe  scvatch  bandage  sliould  be  UJ™ 
dailv.  The  aanic  general  niles  for  the  use  of  the  X-ray,  giveu  under  fractur» 
are  to  be  followed  in  these  casea  to  detennine  the  resulta  of  reduction  end  ^ 
tentioL. 
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OniOnLAB  PLASTEB  DBESSINO  FOR  OLUB-FOOT 

FoT  the  treatment  of  club-foot,  plaster-of-PariB  ia  the  best  dresaing  in  ordi- 
na.Tj  bands.  Here  again,  it  muat  be  remembercd  that  the  plaster  ia  employed 
oii]y  to  retain  the  foot  in  corrected  poaition  after  deformity  has  been  reduced 
by  inanipulation  or  open  operation,  and  ia  not,  in  any  čase,  used  to  overcome  tbe 
defonmty. 

Correction  of  defomiity  sbouM  be  made  short1y  after  birtb  (second  ot  tbird 


Ve^)  for  tbe  plastic  tiasuea  of  infants  are  eaaily  mouldcd  and  results  are  more 
Teadily  obtained. 

By  manipulation,  the  foot  is  brought  from  the  equinus  position  into  that  of 
B'  right-angle  flexioD  with  tbe  leg,  and  addnction  (varna)  and  inward  rotation 
are  overcome. 

After  a  tborougb  reduction  of  ali  tbe  abnormal  positions,  so  that  the  foot 
can  be  plaecd  in  an  overcorrected  position,  the  foot  and  leg  are  well  covered 
with  sheet  wadding  in  the  forra  of  roller  bandages. 

The  plaster  rollera  are  Bnugly  applied,  beginning  at  the  ankle.  For  the  left 
foot,  tbe  plaster  roller  passes  from  right  to  left  over  the  šole,  and  for  the  riglit 
foot  in  the  reverae  direction. 

Tbe  dresaing  invests  the  foot  and  estends  up  the  leg  to  the  tuberoaities  of  the 
tibia. 


The  foot  ie  held  in  the  over-corrected  position  till  the  plaster  hardf^a.  After  the 
plaster  has  become  firm,  preparation  for  awelling  is  made  by  cutlinp  a  trianRiilar 
fenratrum  over  the  instep  in  front  of  the  extemBl  malleolua  and  the  toea  are  esposed. 
The  circulation  of  the  toea  ie  carefully  watched  after  the  application  of  the  dreasing. 
In  unall  children,  it  is  difficult  to  prevent  the  dreesing  from  slipping.     To  guard 
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against  tliiH,  etrips  of  moleakin  adhesive  are  npplied  to  the  leg.  The  lowcr  enda  ^ 
theee  are  brought  through  the  sheet  wadding  above  the  ankle  and  the  pluster  roll»  ^ 
applied  ovct  them. 

If  tbe  child  is  ready  to  walk,  a  thick  šole  of  plaster  is  applied.    Thia  is  fl^a 
tened  with  a  board. 

If  the  defonnitj  cannot  be  entirelj  corrected  by  the  firat  manipulation,  it  is 
repeated  in  two  or  three  weeks  and  a  new  plaster  drcssing  is  applied.  AVitlt 
eacli  renewal  of  the  dreBsing,  an  attempt  is  made  to  improve  the  position  of  tfce 
foot. 

CmCULAR  PLABTER  DRESSINa  FOB  rLAT-rOOT 

To  correct  the  deformity  o£  a  rigid  fla1>foot,  an  anesthetic  is  administcred 
and  tlie  foot  is  foreibIy  manipulated  into  an  exapperatcd  adilucted  and  invertel 
position  aiid  held  at  a  right  angle.  It  is  maintaincd  in  this  position  by  a  plaster- 
of-Paris  dressing  extcnding  from  the  toes  to  the  tubcrosities  of  the  tibia.  The 
dressing  is  wom  for  4  week8. 

After  the  removal  of  the  dressing,  a  plaster  mould  ia  made  dircctly  from  tlie 
foot  in  the  corrected  position,  and  a  ateel  insole  prepared  from  this  for  the  shoe. 
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dislooahon  of  the  i.owek  jaw 

The  common  dislocation  of  the  inferior  maxilla  is  forward. 
The  followiiig  inethods  are  used  in  reduction : 

(1)  Tlic  thuinbs  are  covered  with  {raiize 
and  inserted  over  tlie  molar  teetli  iipon  eitlier 
side  of  tlie  jaw.  The  lower  border  of  tho  jaiv 
is  grasped  by  the  reniaiiiiiifr  finfrers.  Hiick- 
ward  and  slightlv  downward  preaaiire  is  niaJe 
upon  the  niolar  teeth  bv  the  tlininbs.  and  the 
chin  ia  lifted  iip  and  prcssed  backward  bv  (he 
remaining  fingers.  As  aoon  as  the  condvles 
are  fclt  to  pass  over  the  articular  eniinen«. 
the  thumbs  are  quickly  withdrawn,  and  the 
teeth  pemiitted  to  conie  together. 

(2)  In  order  to  relax  tbe  lateral  Uganients 
of  the  joint,  the  moiith  is  stili  farther  opered 
bv  downward  pressnre  upon  tlie  inciaor  teflh- 
With  the  latcral  Hgaments  somGwhat  relaifJ; 

dirpct  picssnre  bai'kward  will  efFeet  a  rednction. 

After-care. — The  jaw  is  immobilized  ivith  a  Barton  bandage  for  two  »mI^^ 
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during  which  time  only  liquid  food  is  given.    After  tlie  reinoval  of  the  baudage, 
the  patient  is  cautioned  against  opening  the  mouth  too  widely. 


DI8I1OOATION  OF  THE  8H0ULDEB 

The  common  dislocation  of  the  shoulder  is  the  subcoraeoid.    Reduction  is 

effected  (1)  by  manipulation ;  and  (2)  by  traetion. 

Sednotion  bj  Manipulation:   Kooher'8  Hethod. — The  patient  lies  npon  his 

baek  and  the  surgeon  stands  on  the  side  of  the  dislocated  shoulder.    The  manipu- 

lations  are  earried  out  in  four  steps. 

(1)    The  surgeon  firmly  grasps  the  injured  arm  above  the  condyle  of  the 

humerus  with  one  hand,  and  the  patient's  wri8t  with  the  other.    The  forearm  is 

flexed  at  a  right  angle  and  the  elbow  is  slowly  earried  to  the  side  of  the  body. 

(2)   The  humerus  is  extemally  rotated 

until  the  foreann   points   directly   out- 

ward,  when  a  distinct  resistance  can  be 

felt.    This  movement  relaxes  the  rent  in 

the  capsule  through  which  the  head  of 

the  humerus  left  the  joint.      (3)   Wit^ 

the  humerus  strongly  rotated  outward, 

the  elbow  is  gradually  adducted  by  mov- 

ing  it.forward,  or  fonvard  and  8lightly 

inward  until  the  arm  is  nearly  in  the 

horizontal  position.    (4)  When  the  elbow 

has  been  raised  as  high  as  it  will  go,  the 

hand  is  placed  upon  the  opposite  shoul- 
der, thus  rotating  the  humerus  inward. 

Reduction  is  indicated  by  a  elick  as  the  head  slips  into  the  glenoid  cavitv. 
AH  steps  should  be  earried  out  gradually  and  steady  traetion  downward  in 

the  direction  of  the  long  axis  of  the 
humerus  should  be  maintained  by  the 
surgeon. 

Traetion:  Stimson's  Hethod  (15).  — 
The  patient  lies  011  his  side  upon  a  can- 
vas  eot,  in  wliicli  an  openinir  is  iiiade, 
through  which  tlic  injured  arm  is  passed 
so  as  to  han<i:  vorticallv  douuNvard.  The 
cot  is  raised  upon  hlocks  or  chairs  so  that 
the  arm  vvill  hiuitr  irvv  of  the  iloor.     A 

weight  of  10  pounds  is  attaehed  to  the  vvrist  or  ell)o\v.     In  froni  T)  to  1.")  niinntes 

the  parts  are  suiRciently  relaxed  and  the  hoad  slij)s  into  th('  i^lcnoid  cavitv. 
It  may  be  necessarv  in  some  cases  to  inercaso  the  \v(Mi:ht  attaehed  to  the  arm, 

and  also  to  advance  the  head  toward  the  ulenoid  cavitv  hy  addn<*tini:  the  arm 

against  the  fist  placed  in  the  axilla.     Instead  of  the  cot,  the  patient  niav  be  put 


Fio.  26. — KocHER*8  Method  of  Reduction 

IN    SUBCORACOID    DiSLOCATION   OF   SbOUL- 

DER.     First  step. 


FiO.  27. — Koch£b'8  Method  of  Reduction 
IN  Subcoracoid  Dislocation  of  Shoul- 
DEB.     Second  step. 
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upon  two  tables,  placed  end  to  end  with  the  body  resting  on  one  and  the  head 

on  the  other,  the  arm  hanging  down  between. 

A  simple  method  which  will 
often  sufRce  is  the  following:  The 
arm  is  grasped  above  the  elbow  and 
steady  traetion  is  made  in  a  dowii- 
ward  and  oiitward  direction.     The 


Fia.  28. — Kochek'h    Method    of    Reduction 

IN     SUBCORACOID      DiSLOCATION     OP    SHOUL- 

DEB.     Third  step. 


Fio.  29. — Kochbr's  Method  of  Reductiom 

IN   SuBCORACOID    DiSLOCATION    OF    ShOUL- 

DEB.     Fourth  step. 


arm  is  now  graduallj  abdueted  until  it  is  nearly  or  quite  at  right  angles  with 
the  body.  An  assistant  manipulates,  by  pressure,  the  head  of  the  humerus 
while  traetion  is  being  made. 

After-treatment. — After-treatment  consists  in  partially  immobilizing  the 
shoulder  joint  by  an  arm  and  chest  bandage,  the  forearm  being  supported  at  the 
wrist  by  a  sling.  In  a  day  or  two  after  reduction,  gentle  passive  movements  are 
begun.  These  are  continned  daily  and  the  range  of  motion  gradually  increased. 
Activc  niovciucnts  are  begim  during  the  third  week. 


DISLOCATION  OF  THE  ELBOW 

The  common  dislocation  of  the  elbow  is  that  of  both  bones  of  the  fore- 
arm backward. 

Reduction,  in  imcomplicated  cases,  is  effected  by  hyperextending  the  fore- 
arm, thns  freeing  the  coronoid  process  from  the  olecranon  fossa  and  the  pos- 
terior  surfacc  of  the  humerus,  followed  by  direct  traetion  on  and  flexion  of  the 
forearm. 

The  method  sugp:csted  bv  Sir  Astley  Cooper  (6)  is  as  follows:  The  siirgeon 
places  liis  kiioe  in  front  of  the  elbow  joint,  grasps  the  patient's  wrist,  presses 
upon  the  radius  and  ulna  \vith  his  knee.  and  slowly  but  forcibly  bends  the  fore- 
arm. 

After-treatment. — The  after-treatment  consists  in  immobilization  of  the  el- 
bow  with  tho  foroarm  flexed  to  a  right  angle.  A  firm  bandage  is  applied  to  the 
elbow  and  tlie  forearm  is  supported  in  a  sling.  Light  passive  movements  ^^ 
begun  during  the  third  \veek  and  active  movements  during  the  fourth  week. 
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SISIiOCATION   OF   THE   TRUMB 

Coraplete  backward  dislocatioti  of  tho  first  phalanx  of  the  thnmb  is  the  com- 
moD  form.    Heduction  ia  made  by  hyperextending  tho  tliumb  while  traction  is 


Fio.  30. — Rbdvctiom  ov  Dihl>ocation  or  SHoaLOBs  bi  Tbaction.     StiiiiBOD'B  method. 


made  upon  it,  prossmg  the  base  of  the  phalanx  forward  aiid  finally  quickl;  flcs- 
ing  the  thumb  iiito  tbe  palm. 

If  the  ligament  bas  caught  bebind  the  head,  it  may  Bometimes  bc  frccd  by 
TOtatitig  the  phalanx  while  pressing  it  fonvard. 

ReductioD  of  forward  dislocation  o£  the  thnmb  ia  casilv  effcctcd  bv  traction 
and  foTced  flcxion  with  downward  pressure  on  the  base  of  the  phalaiix.  Tho 
thumb  ia  immobilized  in  the  straight  position  for  ono  weck,  aftcr  which  gentle 
pasaive  and  active  motion  is  begun. 


DISLOCATION  OF  THE  HIP 

For  the  reduction  of  a  dislocation  of  the  hip  an  anesthetic  should  a1way3  be 
administered. 

Sednotion  of  Sorsal  Siilocation :  Stimsoa's  Hethod  (I-"!). — The  pnticnt  13 
placed  face  downward  npon  a  tablo  with  his  Icfia  projeetinfr  so  far  bcvoiid  tho 
edge  that  tbe  injiired  tbi^h  hanfra  dircctlv  dn\vnwanl.  Tlio  sonnd  iinih  is  he!d 
in  line  with  tbe  bodv  bv  nn  assistnnt,  The  snrirciiTi  ^rn^ips  tlic  aiiklc  of  tlic  dislo- 
cated  limb  and  flcsps  the  knec  to  a  riirht  ariL-lc  Tl»'  wi'iirlit  nf  the  Jhiib  iicnv 
makes  tho  needed  traction  in  tho  dpsirod  dirocti'in  ainl  the  snr^onn  lins:  oniv  t" 
wait  for  the  muscles  to  relax  and  the  lione  to  rcsiinic  tU  plaeo  \vitlu'ut  fm-thcr 
Fffprt  on  hir  part  than  a  slifijht  rockini:  ur  rotntimi  nf  tlio  limb.     The  adilcd 
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weight  of  a  aiiiatl  saiid-bag  at  the  knee  or  sudden  el!glit  pressure  at  the  same 
point  may  fat-ilitate  reduction. 

The  everted  dorsal  disiocations  are  reduced  by  first  eonverting  them  into  tbe 
dorsal  form  by  flesion  and  in\vard  rotation  with  addiiction  if  necessarv, 

BI0EL0W'8  (4)  METHOD  OP  REDUCTION  OP  A  DORSAL  OR  POSTEBIOB 
DI8LOCAT10N. — The  patieiit  lies  on  hia  back  upon  a  bianket  on  the  floor.  Tlie 
pplvis  is  ftteiniied  by  an  assistaut  who  exerts  pressure  upou  the  anterior-posterior 

spines,  The  leg  is  fleied 
upon  the  thigb,  and  the  thi^ 
upon  the  abdomen,  the  poti- 
tion  nf  addnction  and  sli^t 
inversion  being  stili  iniin- 
tained  so  that  the  knee  a- 
tenda  beyond  the  midline  of 
the  bodv,  This  position  iritli 
traetion  iipward  is  msiii- 
tfiined  for  some  monifnts 
and  the  limb  ia  tlieii  fn?pl.>' 
i-ircumdncted  ontwMrd  acd 
hrought  do\VTi  into  the  posi- 
tion of  extension. 

AI.LJ8-  (2)  METHOD. - 
Tho  paticnt  ia  place<i  in  the 
samo  position  as  descrilifii 
above  in  Bigelow'8  niethi>i- 
The  Hiirgeou  kneels  bv  th« 
patient'8  side  aiid,  if  Ih* 
right  fenmr  ie  disliK-al*)!.  lii" 
graapa  tlie  patient'3  uhm* 
with  hia  right  haud  a  11  d 
placea  the  bent  elbi)W  of  !iis 
left  arni  beneath  tlie  AMiifS 
of  the  knee.  ITe  now  turn«  the  bent  leg  outward  and  lifta  iipwar<l  (skyward)- 
then  turns  the  bent  leg  inward  and  brings  the  thigh  down  in  estenaion. 

Beduction  of  an  Inward  or  AnterioT  Diriocation. — l.  ALLlS '  DIKECT  mETBOD. 
— (1)  Flex  and  abduct  the  femur ;  {2}  make  traetion  oiitward ;  («)  fixtbobesJ 
by  digital  pressure  and  adduct. 

2.  ALLlS'  INDlRECT  METHOD. — -Tho  patient  lies  upon  hia  back  with  the 
femur  !lexed,  The  aurgoon  placea  hia  bent  elbow  beneath  the  fiexcd  knccfli'^ 
graspa  tlic  ankle  with  hia  other  hund;  he  thcn  estenda  with  traetion  in  the  lin" 
of  the  long  axia  of  the  fciniir,  adduets,  and  rotatea  outward. 

BIGEL0W'8  METHOD  OF  REDUCTION  OF  A  THVROID  OR  ANTERIOB  PlS" 
LOCATION, — "!Flex  the  limb  toward  a  perpendicular  and  abduct  it  a  little  to  Ji«- 
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€ngage  the  head  of  the  bone.  Then  rotate  the  thigh  8trongly  inward,  adducting 
it,  and  carrying  the  knee  to  the  floor."  After  rediiction,  the  patient  is  required 
to  remain  in  bed  for  three  week8,  after  which  massage  and  passive  motion  are 
begun.    The  use  of  the  limb  is  permitted  during  the  f  ourth  week. 


DiaLOCATION  OF  THE  KKEE  JOINT 

Dislocation  of  the  tibia  fonvard  is  the  most  frequent  form.  Eeduction  is 
effected  by  traction  on  the  leg  while  the  thigh  is  flexe(l,  combined  with  manipu- 
lation  in  order  to  guide  the  head  of  the  tibia  into  its  norraal  position. 

The  limb  is  placed  on  a  posterior  splint  for  three  wceks,  after  which  passive 
movements  are  earefully  made.    A  knee  support  is  worn  for  several  months. 

DISLOOATION  OF  THE  ANKLE  JOINT 

These  dislocations  are  quite  rare  and  are  often  associated  with  fracture  of 
one  or  both  bones  of  the  leg. 

1.  Backward  Dislocation. — Baekward  dislocation  is  more  frequent  than  the 
fonvard  variety. 

Reduction  is  made  by  foreed  plantar  flexion,  the  foot  beinc^  pnlled  forvvard 
and  the  lower  end  of  the  tibia  pressed  backward.  Dorsal  flexion  of  the  foot  com- 
pletes  reduction. 

2.  rorward  Dislocation. — ^Reduction  is  made  bv  marked  dorsal  flexion  of  the 
foot,  pressure  forward  on  the  lower  end  of  the  tibia,  and  pressure  backward  on 
the  foot.    Plantar  flexion  completes  reduction. 

The  foot  is  immobilized  by  a  posterior  splint  for  tliree  weeks.  Light  passive 
motion  is  begun  at  the  end  of  the  third  week. 


DISLOCATIONS  AT   THE  WBIST 

These  dislocations  are  rare: 

Dislocations  at  the  IfOwer  Badio-nlnar  Joint. — Dislocation  of  the  ulna  may  be 
forward  or  backward. 

DISLOCATION  FORWARD. — Reduction  is  effected  by  direct  pressure  upon 
the  uhia  with  counter  pressure  on  the  radius. 

DISLOCATION  BACKWARD. — Reduction  is  effected  by  direct  pressure  on  tho 
Tadius,  aided  sometimes  by  abduction  or  supination  of  the  hand. 

Dislocation  of  the  Badiocarpal  Joint backward  dislocation. — Re- 
duction is  effected  by  traction  upon  the  hand  and  direct  pressure  on  the 
carpus. 

FOBWARD  DISLOCATION. — Reduction  is  effected  by  traction  upon  the  hand, 
counter  traction  on  the  forearm,  while  direct  pressure  is  made  upon  the  dis- 
placed  carpus. 
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Dislocation  of  the  Carpal  Bone«. — dislocation  OF  the  mediocabpal 
JOINT. — Dislocation  betwoeii  the  firat  and  secoud  rowa  of  carpal  bonea  is  es- 
tremeiy  rare  and  may  be  forward  or  backward.  Keduction  in  these  cases  is 
effected  by  flcxion  or  exten3ion  o£  the  hand  aided  by  traction  and  pressure  over 
the  distal  carpal  row. 

DISLOCATION  OF  THE  8EMILUNAR  BONE.— Reduction  of  anterior  disloca- 
tion of  the  seniilunar  bone  is  effected  by  hyper©xten8iou  followed  by  hy]w 
flexion  over  the  tliumbs  of  an  aseistant,  held  finnly  in  the  flexure  of  tbe  imrt 
on  tho  semihmar. 

Dislocation  of  the  Carpometacarpal  Joints. — The  joint  most  frequeDtl7  in- 
volved  is  that  of  tho  tbunib  and  the  displacement  is  almost  alway3  backwari 
Reduction  is  effected  by  traction  upon  the  hand  while  pressure  is  made  over  the 
base  of  the  dislocated  bone. 


DRESSmO  FOS  FEACTimE  07  THE  OLAVIOLE 


H0WARD    D.     COLLINS 

In  cases  of  extrenie  deformitj  an  open  operation  may  be  neces8ary  for  the 

retention  of  the  fragmenta  in  good  poaition.  In  other  cases  where  the  defonnit.' 

is  slight  the  Savre  dresaing  is  efficient.    This 

is  too  well  known  to  require  a  separate  de- 

acription.     In  pasaing,  however,  it  maj  be 

eaid  that  whil6  the  Sayre  dresaing  ia  theoret- 

ieally  correct  in  that  the  linea  of  force  ope^ 

nte    in    the    proper    direetion,    vet    serions 

prnctical  objections  arise  in  regard  to  thi* 

method;   namely,  first,  the  zine  oxid  plast^r 

after  a  few  dayfl  irritates  the  akin,  more  eai^ 

eially  in  atout  subjecta :    second,  in  a  ahort 

time  the  body  adjuats  itself  to  the  dressin? 

in  sueh  a  way  tliat  the  whol©  force  of  the 

traction  ia  lost  and  the  reduction  ia  no  hnV 

maintained.     Thia  require8  a  renewal  ofih* 

dreasing,    and    such    renewal    is    annovin? 

and   painful   to  the   patient   since  the  ^d" 

oxid     plaater     dnring     its     removal    p""* 

3kin  ut  thoso  |.o[T,ts.  violently  upon  the  skin  and  often  leaveaan 

exconated  or  an  irritated  aurface  behinii- 

Tlie  follo\vtng  drcasinir  wn9  deviaed  by  me  to  meet  theae  objectiojis.    The 

niatorini  iit^cd  ronsista  of  hoavv  moloskin  adheaive  plaster,  which.  whi!e  mnff 

tronblfsniHc  to  nppl.v  dnes  not  irritate  the  skin  nnd  fimily  adheres  thereto.   Thf 

support  and  contrnction  rcscmbies  thoae  of  the  Sayre  dreasing. 


Fio.  32. — Dressimu  foh   Fbaci 

ing  arni  Icmp  nnd  h(Mly  piece.  114 hailed 
arca  of  bniiduRu  nutliiii^  iHirtion  r 
dupliruti^l  or  lined.  so  that  no  b< 
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ic.  33. — DKEaaiMu  Fon  Fn, 

Clavicle.  PoBlcrior  i-ii!W 
dcc  cap  and  idbow  eling. 


Thf  dressing  is  applied  ns  foll(iws; 

Tirat,  a  piecc  of  moleskin  4  or  5  Inehca  widi?  is  pnesed  abniit  tlie  humenia 
Bhiph  lip  in  tlie  asilla  as  possible,  and  thp  endn,  for  iihout  Uvn  iiiclira  of  their 
aspth,  cansed  to  adherc  to  each  otlior.  Tbia  pipcc  shimld  ho  fur  tlio  iivorage 
Aoiil  oigLteeu  incliea  loug.  Before  app!y- 
ng,  the  whole  strip  sbould  be  warined  so 
IB  to  CBitae  it  to  adhere  to  the  circumference 
rf  the  arm.  At  the  posterior  end  of  thia 
oop,  i,  e.,  where  the  ends  are  adherent  to 
Bch  othcr,  six  holes  are  piuiched  aiid  eve- 
ets  inserted  (these  evelets  are  siinilar  to 
bose  through  whieh  the  laees  of  shoes  are 
•aased  and  are  tnade  with  a  little  hand 
inach  devised  for  the  purpoael-  A  secoiid 
trip  of  moleskin,  the  same  width  as  the 
nt,  passed  ahout  tho  iKid.v,  extend!ng  from 
»  niidline  behiiid  aroimd  the  cheat  on  the 
6althy  side  as  far  or  even  across  the  mid- 
iOe  in  front.  The  posterior  end  of  this  strip  is  tumed  over  on  itself  for  aboiit 
»o  inehca  and  a  similar  row  of  evelets  inserted.  The  two  rows  of  eyelots  should 
6  about  6  inchea  apart  and  then  an  ordinarv  corset  lace  piit  in.  AVith  this  lace 
lie  ends  are  drawn  together  with  the  resiih  that  the  shoiilder  caii  be  pulled  back 
■  far  as  desired.     The  second  part  of  the  dressing  is  applied  aa  folIowa: 

A  broad  piece  of  moleskin  ahout  seven 
inches  wide  and  a  foot  long  i?  applied  over 
the  healthv  shoiildor  in  tho  form  of  a  cap 
extending  wcll  down  on  the  ann.  (In  order 
to  secure  a  cap-like  Btructnre,  it  is  necessarj 
to  ciit  a  "dart"  In  the  moleskin.)  The  free 
ends  are  tiirned  baok  on  themaelves  and  cut 
to  a  taper,  so  that  the  margin  is  not  more 
than  three  inches  wide.  A  row  of  foiir  eye- 
leta  is  placed  in  each  end.  The  laat  piece  of 
tho  dreaaing  conaists  of  a  long  strip  of  mole- 
skin three  inehca  wi(le,  paascd  aronnd  the 
forcann  of  the  injured  side  close  to  the  e!bow, 
ono  end  extejiding  iip  the  front  of  the  chest, 
tho  otber  iip  the  back.  The  ends  of  thia  strip 
are  alao  tiirned  haek  on  th^maelvca  and  each 
•8  a  row  of  foiir  evelets,  This  strip  shonld  be  linod  with  imislin  so  that  there 
t  Ho  adheaive  aiirface  oxpo3ed  except  where  the  moleakin  ia  in  contact  with  the 
>Yeann  and  elbow.  A  lacing  joins  this  elbow  piece  with  the  shoulder  cap  in 
Hmt  and  another  is  placed  behind.  The  front  and  back  lacings  between  the 
ft>ow  sling  and  ehoulder  cap  pennit  the  injnred  ahoiildcr  to  be  raised  or,  by 
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tightening  one  lacing  more  than  the  other,  the  elbow  niay  be  brought  forward 
or  back  as  desired. 

In  applying  this  dressing,  it  should  be  borne  in  mind  that  the  pieces  should 
be  carefully  eut  and  fitted  before  the  adhesive  surface  bas  become  thoroughlv 
secured  to  the  skin. 

The  only  disadvantage  of  this  apparatus  is  the  length  of  tirne  required  for 
its  application.  This  disadvantage  is  more  than  offset  by  the  advantages,  which 
are:  (1)  a  non-irritating  dressing  that  may  be  wom  three  or  four  weeks;  and 
(2)  the  chanee  to  tighten  the  lines  of  traetion  as  occasion  may  require  without 
removing  the  adhesive. 
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CHAPTER   XVin 

BADITJM   IN   SUBGERT 
A.   SCHUYXBB  ClASK 

Radio-activitj  wa8  first  demonstrated  by  Becquerel  in  1896  in  uranium  salta 
by  means  of  a  photographic  plate.  In  1898  Madame  Curie  and  M.  Schmidt 
proved  that  thorium  was  also  radio-active  and,  being  stmck  by  the  fact  that 
some  samples  of  pitchblende  were  infinitely  more  radio-active  than  others, 
finally  in  1903  developed  from  it  polonium  and  radium. 

Debieme,  aboiit  this  time,  also  isolated  actimum  whieh,  thoiigh  more  radio- 
active  than  radium,  cannot  be  used  therapeutically  owing  to  the  difficulty  of  ex- 
traction.  Other  radio-active  substances  have  been  discovered  but,  up  to  the 
presen  t  time,  radinm  bas  proven  the  most  practical,  owing  to  its  possible  isola- 
tion  in  the  state  of  a  pure  salt.  It  is  used  in  combination  as  a  sulphate  or 
bromid  therapeuticallv,  but  we  can  quantitatively  determine  the  amount  of 
radium  element  in  any  specimen  or  apparatus. 

Radium  is  found  in  uranite  and  camotite  ore  deposits,  of  which  those  in 
southem  Colorado  are  probably  the  most  extensive  in  the  world.  It  is  recovered 
at  great  expense  of  time  and  ore,  for  it  is  present  in  infiniteiimal  amounts  and 
at  the  present  market  value  costs  from  $100  to  $120  per  mg.  of  the  element. 

The  Standard  Chemical  Company  of  Pittsburg  are  the  largest  producers 
in  this  country.  There  is  an  international  standard  of  measurement,  deter- 
mined  by  the  rapidity  with  which  a  definite  amount  of  air  is  ionized,  and  the 
stated  amoimt  of  element  in  any  preparation  can  now  be  verified  at  the  Bureau 
of  Standards,  Washington,  D.  C. 

Badio-activity. — The  so-called  radio-activity  consists  of  a  series  of  disinte- 
grations  of  the  radium  element  into  gaseous  emanations  which  in  time  decom- 
pose,  resulting  in  the  formation  of  different  active  products  which  it  deposits 
on  every  substance  it  touches,  rendering  them  radio-active.  This  induced  activ- 
ity,  as  in  water,  vaselin  and  other  substances,  is  more  or  less  varied  and  limited. 
\Vhen,  however,  it  is  confined  in  an  hermetically  sealed  capsule  or  varnish,  as 
in  the  various  radium  apparatus,  radio-activity  exists  indefinitely  and  this  ex- 
plains  the  fact  that  several  months  must  be  allowed  to  pass  before  an  apparatus 
reaches  its  f  ull  power,  when  it  becomes  a  stable  quantity  with  a  duration  of  even 
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thousands  of  vears  without  appreciable  loss  of  the  original  element  or  activitj. 
These  sealed  deposits  result  in  ray8  with  various  power8  of  penetration,  the  so- 
called  Alpha,  Beta  and  Gamma  rays. 

The  Alpha  rays  are  material  particles  charged  with  positive  electricitj — 
they  have  very  slight  powcr8  of  penetration  and  are  lost  in  1  in.  of  air  space  or 
are  filtered  out  with  even  2  layer8  of  rubber  tissue. 

The  Beta  rays  are  charged  with  negative  electricity  and  are  comparativelv 
soft  and  hard,  the  softer  rays  can  be  filtered  oiit  by  2^/2  to  3^2  iii-  of  air  space  or 
by  y^y  to  1  mm.  of  platinum  foil. 

The  Gamma  rays  are  believed  to  be  dne  to  the  anatomic  explosions  which 
generate  the  Alpha  and  Beta  particles  and  are  caused  by  electromagnetic  pulsa- 
tions  or  disturbances  transmitted  through  the  ether  in  the  same  manner  as  the 
Hertzian  waves,  light  and  X-rays.  They  are  ultrapenetrating  up  to  2  in. 
through  living  tissue  and  are  not  deflected  by  the  magnetic  field  and  some  of 
them  can  pcnctrate  even  2  in.  of  lead  or  many  inches  of  stone  or  wood. 

Filtration. — Radium  in  thin  glass  containers  emits  approximately  90  por 
cent.  of  Alpha  rays,  9  per  cent.  of  Beta  rays  and  1  per  cent.  of  Gamma  ravs. 
Aluminum,  silver,  platinum  and  lead  filter  out  varying  proportions  of  these 
difFerent  rays  and  these  screens  are,  therefore,  of  practical  therapeutic  value  in 
varying  the  proportions  of  the  rays. 

Two  layers  of  rubber  tissue  will  filter  out  practically  ali  the  Alpha  ravs ;  0.5 
to  1  mm.  of  platinum  or  aluminum  will  filter  out  the  Alpha  ray8  and  the  softer 
Beta  ray8 ;  1  to  2  mm.  will  filter  out  also  the  medium  Beta  rays,  and  4  to  5  nmi. 
will  filter  out  practically  ali  of  the  Alpha  and  Beta  rays,  allowing  the  Gamma 
rays  to  pass  through.  It  is  in  this  way  that  one  can  determine  a  superficial  or 
deep  penetrating  radioactivity  with  a  single  apparatus,  naturally  varving  the 
tirne  of  cxposure  according  to  the  amount  of  rays  transmitted  through  the  filter. 
Ali  these  varieties  of  rays  are  capable  of  producing  a  radiodermatitis  and  de- 
struction  of  norma  1  tissue,  if  a  sufRcient  amount  of  them  is  administered. 

Radium,  to-day,  is  not  only  supplied  in  small  glass  and  thin  metal  tnbes  and 
cells  biit  can  be  incorporated  in  an  especially  prepared  varnish,  uniformlv 
spread  over  definite  areas  for  the  treatment  of  more  extended  superficial  lesions, 
and  water  can  be  activated  to  a  more  or  less  definite  degrce  by  exposure  to 
radium  emanations,  developing  an  induced  activitv  and  so  making  it  possiblc 
to  employ  radium  ravs  iiiternally  in  various  ways  and  diseased  conditions. 

Dosage. — The  dosage  can  be  determined  fairly  accurately  in  radium  thera- 
peutics,  owing  to  the  practically  constant  amount  and  character  of  rays  emitted 
from  an  hermetically  sealed  apparatus.  Four  main  factors  enter  into  consid- 
eration  in  detcrmining  this:  1.  The  degrec  of  susceptibilitv  of  the  tissiies  to 
the  ravs;  2.  the  amount  and  character  of  the  radio-active  source;  3.  the  screens 
emploved  or  not ;  4.  the  duration,  methods  and  distance  of  the  application. 

In  a  ^reneral  sense,  vonnger  tissues  are  progressively  more  susceptible  and 
older  tissnes  progressively  less  susceptible  to  the  influence  of  the  rays,  and  the 
dosage,  therefore,  must  be  varied  in  vouth,  adnlt  life  and  adolescence. 


Action  of  Ba7B  on  Liring  Cells. — Living  eolls  e^poscd  to  ravs  of  radiuni 
mav  be  stiinulated  or  depresscd  and  retarded  in  tlieir  growth,  or  degenerated 
and  conipletely  deHtro_yed,  depending  on  tlie  amoiiiit  of  rii,ya  absorhnd,  Besides 
this,  tho  ray8  seem  to  liave  a  selective  action  ou  certain  tissues  whi<:h,  without 
destroving  tbe  cells,  the_y  have  the  power  of  changing  back,  aa  it  were,  to  more 
nearl_y  tbe  embrvoiiic  tvpe  fi-om  wbieh  tbev  developed.  In  diaeased  tiaaue  theae 
cellular  reaetionH  are  mucb  more  promptlj  and  easilv  produced  than  in  nomial 
tissue,  and  it  ia  largelv  owing  to  thia  characteriatic  that  radiiim  has  achieved 
what  success  it  haa  in  the  treatnient  of  tbe  inalignant  diaeasea  wc  commonly 
'call  caneer,  Epitheliomatous  tissiie  expoaed  to  aufficient  radium  rava  sbowg, 
lafter  a  few  davs,  a  eelhilar  disor^anization,  going  on  to  a  aoftening  and  gradnal 
'  disappearanee  by  absorption.  Tlie  connective  tissue  immediatelj  snrroimding 
the  niaas  apparentlj  ia  atimulated  and  regenerated  by  the  iuvasion  of  einbrjoiiic 
Biiclei  disaociating  and  finally  replacing  the  cancerous  cells.  Tbiis  takes  place 
'a  sort  o£  embryoiiic  fibroua  tranaformatioii  of  the  tiimor,  which  evontuallj 
ehanges  into  a  sf^lerotic  masa,  bealing  beiug  produced  with  a  minimum  amount 
■  of  scarrin^  or  deforniitv.  Tbis  occiira  witb  little  or  moderato  inrtammatory 
reaction  of  the  Burpoiindinp  or  overI_ying  Uealthj  tisaue  necesaarilj  iiicluded  in 
the  csposure,  from  wbich  it  regularlv  returna  to  a  nnnnal  (loiidition. 

Thia  aelective  action  of  radium,  or  particular  snsceptibility  of  the  malig- 
'■  nant  tissue  to  the  ravs,  ia  eonceded  to  be  even  more  pronounced  in  degenerationa 
of  connective  tiasue  thau  in  those  of  epitbelia!  tiasue.  It  is  equal]y  pi-onounced 
[on  embrvonic  vaaeular  tiaaue — nevoid  growths — and  a  specifie  alterative  and 
Irestorative  action  in  tbis  tissue  can  be  produced,  resulting  in  a  shrinking  of  the 
'  tiasuo  and  an  obliteration  of  vesaels  and  cavemous  spaees  witb  little  or  no  real 
destruction  of  tisaue. 

Tho  cfFects  of  an  application  of  radium  begin  to  make  themaelves  demon- 
'  strable  in  from  2  or  3  to  10  day8  and  are  progreasive  up  to  3  weeks,  depending 
'  on  the  ehnracter  and  the  amount  of  the  irradiation.  Radium  rays  are  germi- 
icidal  but  act  very  Hlow]y. 


I  THERAPEUTICS  OF  RADIUM  IN  8DBGERY 

Sineo  Eecfiuerel  recoived  bis  notorious  burn  from  cnrrving  some  of  tbia 
substance  in  bia  pocket,  shortU'  after  its  di8eovery  and  isolation,  Wiekham  and 
'  Degraia  bave  been  the  leading  investigatora  therapeutically,  and  it  ia  largelv  dne 
I  to  their  publicationa  that  others  bave  resorted  to  ita  use  in  snrgical  affections 
,  anil  that  we  now  have  wbnt  vvorking  knowledge  we  posseas  in  its  various  tbcra- 
,  peutic  applieations.  So  comparativc]y  little  ia  vet  underatood  of  ita  phyaics  and 
'  dieiniBtry  that  it  miist  necesaarilv  atill  be  in  ita  infancv  from  a  therapeutic  point 
t  of  view,  biit  atatistical  reports,  going  up  into  the  thousands,  have  demonstrnted 
I  its  peculiar  ^ualifications  and  fitness  for  the  treatnient  of  certain  surgical  cnn- 
t  ditlons  and  to-day  it  miist  be  recognized  as  a  uaeful  and  even  eesential  part  of  a 
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surgieal  armamentarium,    That  it  Las  ita  limitatioiia  miist  be  conceded,  but  tbat 
its  use  uiaj  beeome  leas  Umited  In  the  future  is  within  tbe  realni  of  probabilitj. 

That  it  is  a  powerful  force  iii  nnj-  consiilerable  qiiantity  ahould  be  ponetantly  re- 
membered,  and  the  greatest  čare  ahould  be  oserciaed  in  ita  applications.  both  for  the 
pationt  and  for  the  operator,  Sevoro  dcmiatitia  and  eKtcnsive  burna  whieh  maj  be 
TPry  painful  and  alow  in  healing.  niay  reault  from  the  (»releaa  banilliug  of  radiuni 
apparatua,  Even  keratoses  and  degenerative  ulcerationa  may  reault  from  rppeated 
exiH>Bures  but,  generallj  epeaking,  they  are  less  to  be  feared  and  more  easilj  controUed 
than  aimilar  conditiona  resulting  from  X-ray  expoBurea. 

Warts  and  Fapillomata,  Senile  and  Seborrhoic  Keratoses. — \Varts  and  papU- 
loinata,  senile  and  sdiiirrhuic  kcnitoscs  viold  rcadilv  ti)  radiiira  applica- 
tions.  Tbe  ordiiiary  iiapUlomalints  ti-art  will  undergo  a  retrograde  metamor- 
phosis,  returiiing  to  a  iiormal  tissue  witliout  appareut  inflanimatory  reaction  or 
the  slightest  scarring  whcn  espoaed  by  contact  to  even  siiiall  amoiints  of  radiuin 
element  iiltered  through  2  la^era  of  rubber  tissue  for  a  siifficieiit  lengtb  of  tirne. 

A  celi,  2'/;  to  3  mg.,  of  the  element  uniformi^  spread  over  an  area  of  y^ 
3q.  cm,  so  apptied  for  30  minutes  is  satiafactorj  on  aucli  a  lesion. 

Papillomaia  of  the  hollow  or  tiibular  portious  of  tbe  hody,  aueb  aa  of  the 
larynx,  ean  bo  renioved  pennanentlj  withoiit  nlceration  or  coiitraetiires,  but 
bere  it  is  neci'sanry  to  iiae  miich  larger  amoiiiits  of  the  element,  filtered  through 
thin  layera  ('/{;  to  1  nmi.)  of  platiniiin  or  silver  foil.  It  can  be  carried  to  it^ 
destiiiation  in  the  closed  end  of  a  tubiilar  eontainer  or  an  applicjitor  is  inserted 
throngli  an  open  incision  made  for  tbe  purpoae.  At  leaat  50  mg.  would  be 
rcqu!rcd  here. 

Senile  and  seborrhoic  keratoses,  so  freqijently  found  on  the  facea  of  older 
people,  particiilarlj  tboso  wbo  have  been  exposed  to  tbe  weather,  fade  away  as  if 
by  magic,  and  even  wbere  a  degeneration  has  hecome  establiahed,  it  is  of  sucb  a 
low  grade  of  malignaucy  that  small  non-inflammatory  appHcations  of  lightly 
filtered  radium  pemianently  romove  it  withont  visibie  acarring. 

X'ray  keratose/i  and  ulcerations,  such  as  are  seen  to-day  on  the  bunda  of  the 
oider  X-ray  operators,  often  respond  kindlv  to  radium  irradiations  and  with 
leas  discomfort  thait  usually  follows  applications  of  liqiiid  air  and  carbouio 

Fibromata  undcrgo  a  retrograde  metamorpboais  under  tbe  influonce  of 
radiuin  and  intereatiiig  reporta  are  at  hand  of  a  conaiderable  anccosa  with  it  in. 
the  treatment  of  fibroraata  of  tbe  utenia. 

In  tbe  inIerstUial  rariefi/,  frpqiient]y  dcmanding  a  complete  extirpatioD. 
radium  bas  in  a  few  instances  spared  tbe  patient  ao  exten9ive  an  operation. 
Very  considerable  amounts  of  wp]I-tiltered  radium  paased  up  into  tbe  cavitv  of 
the  uterus  and  aiirface  irradiationa,  tbrough  tbe  abdominal  wall  from  severa! 
Incations  dirccted  toward  the  uterus,  are  aaid  to  bo  of  advantage  in  conibination. 
The  metrorrhagia  from  the  endometritis  accoinpanying  thia  eondition  ia  regu- 
larly  favorBbly  inflnenced. 


THEKAPEUTICS    OF    RADItJM    TN    STTRGERT 

Eeloids  and  Sitflguring  Soars. — \Vickbani  and  Dcgrais  and  other  observers 
have  removed  most  BUcce8afiilly  deforming  and  painful  keloids  by  incans  oE 
radium  irradiations.  The  so-called  sponlaneous  keloid  regnlarlv  rcsponds  to 
non-inflammatory  dosea,  leaving  in  its  plače  a  pliable,  level,  whitisb,  8lnny  tissuc 
that  doea  not,  tend  to  rcliipee.  Ilere  again  a  selective  action  on  tiBsue  varjing 
from  tlie  noriual  raust  explain  these  esceilent  results.  In  a  similarlj  satiafac- 
tory  way  do  acne  keloUls  and  keloidal  cicalrices  fade  away,  aa  it  were,  iindor  its 
influence,  with  moderate  dosea  of  elightlj  filtered  ray8.  The  old  hard,  fibrous 
Jceloids  and  fihroscUrotic  bands  requiro  more  intensive  applications,  even  to  the 
prodiiction  of  an  iiiflanimatory  reaction  or  a  superficial  ulceration,  wben  healing 
is  said  to  begin  in  the  deep-aeated  tiasne  of  the  keloid  in  embryonic  cella,  which 
gradually  replace  the  niaas.  \Vhcn  refractive  to  thia  method  of  treatment,  aui^ 
gical  extirpation  of  these  denae  tissiios  can  be  reaorted  to  with  mlld  prophyIactic 
iiradiations  direct]y  healing  is  eatablished.  Excellent  resnlta  have  fo]lowcd  in 
my  hands  even  after  several  reciirrences  follovving  exei3ion. 

Angiomata. — The  above-mentioned  inveatigators,  with  Gaiid,  have  aeen 
microscopieallv  in  niigiomatoiiB  tisstie  after  radium  applicationa  "an  alteration 
of  tho  cella  which  lined  the  inner  siirface  of  the  hlood-vessela  and  eonncctivo  tis- 
sue  surroimding  them,  causing  an  obliteration  of  the  small  veseels  and  roaiiltiug 
in  a  Bclerotic  tranaformation  and  exsangiiination  of  the  tumor."  In  thia  way 
superficial  level  port  wine  stains  aro  regnlarly  decolorized  by  8lightly  filtered 
dosea  of  radium  with  littlo  or  no  inflammatory  reaction  or  acarring.  Aa  theae 
lesions  uanallv  are  sitiiated  abotit  the  face  and  great  čare  miist,  therefore,  bc 
used  in  determining  the  doaage,  Kroraaver  light  applicationa,  with  a  thick  blue 
glasa  filter  and  firm  preaaure,  shonld  be  preferred,  aa  they  are  equally  effectivc 
and  withoiit  danger  of  reaulting  acarring.  In  the  leaione  that  are  more  or  lesa 
infiltrated  and  in  whicli  it  ia  difficult  or  impoaaible  to  presa  out  tho  diacolora- 
tion,  radium  alone  or  in  corabination  with  the  Kromaver  light  seema  to  ^vc  the 
beat  resultfl.  Extenaive,  flexible,  radiferoua  toiles,  separated  from  the  leaion  by 
1/;  to  2  mm.  of  foil,  applicd  ovcr  prolouged  and  rcpeated  perioda,  throngh  their 

'  more  penetrating  rava,  can  prodnce  tho  ahove-deacribed  changea  in  this  tisaiie 

^  and  often  give  moat  oxceIlont  eomnctic  reaulta. 

Extensive,  cavemoiis,  erectUe  aiiffiomafa  have  bccn  reported  and  pictured 

!i  mtiBfactorily  removed  by  rcpeated  applieatinna  of  considerahle  amouiita  of  well- 

'  filtered  radiimi,  and  eqiiBny  hrilliant  reaulta  are  to  ho  attaiucd  in  3iib<!utaneou9 
eavomoua  niigiomatoua  tumora  where  aurpcry  haa  heretofore  becn  qnite  help- 
leaa.  Snrpenetrating  rava  from  large  amoiinta  of  the  element  well  filtered  (2 
to  3  mm.  of  aluminiini)  are  reqnired,  and  the  "crnaa-iire"  method  by  irradia- 
tions  from  varioua  points  of  vantage  directed  toward  the  tumor  (from  the  mu- 

"  C0U9  membrane  out,  also  in  leaiona  of  the  cheeka)  is  neccsaary  in  order  to  project 
etiough  ray8  into  the  tiaaues  without  destruction  of  the  overlyiijg  akin  or  mu- 
cous  membrane. 

Often  it  ia  necessary,  after  a  eertain  amouut  of  sclerosis  is  established  in  tho 
tumor,  to  Burgically  imhod  tubca  of  moderately  filtered  radium  throughout  the 
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maas.     Naturally,  inflamination,  telaogiectaaea  and  scarring  can  result  from ^ 

siich  stremioiis  but  neceaaary  methoda  of  raving.  It  is  here  that  radium  lia^-^E 
probably  acliieved  ita  11:1681681  aiicccss  for,  up  to  tbe  preaent,  no  siich  iinifonnlv  —• 
jrood  resiilts  liiive  lioeii  attnincd  bv  otlicr  nipthodg. 

Ualignant  Neoplasms,  Cutaneous  Epitheliomata,  etc. — ^It  is  in  the  treatment  of~^ 
thia  latter  condition  that  radiom  has  cliiiically  demonatrated  its  wonderfui  powei'~  . 
of  changing  and  destroying;  cancer  celU,  more  or  less  perinaneatly.  with  the  least-^: 
possible  inconvenience  and  deformity  and  the  best  poasible  end  reaults. — In  lesious-^s 

iibout    tlie    f:iL-e,    auil    p;\i'ti(;iiljtrly    tlnjse    at    ov   iicur    tbc    fju,    radium    bas 

proveri  to  be  at  grcat  advantiige  over  olber  tberapoutic  agente,  bw!auae  of  tbe 
ease  and  comfort  of  ita  applicatioii,  ita  coamotic  resiilts — the  acar  beiiig  a  com- 
parativelv  level,  sniooth  and  perfectlv  pliablo  one  without  contractures- — ani 
tbe  eouiparative  infreqnenee  of  reciirrencea. 

The  moro  rcceut  reports  of  the  Kadiiim  Institute  of  Ix)ndon  and  of  tbe 
Vienna  Inatitiite  concur  with  otber  opiniona  that,  generallv  speakinp.  radium 
even  in  moderate  doses,  if  applied  over  a  sufficient  period  of  time,  is  preferable 
to  other  methoda  of  treatment,  iiiid  1'incli,  of  the  former  iuatitiition,  thiuks  it 
ni;iy  he  ollffiivu  \n  this  clasa  of  čase  heeause  aingte  doses  with  fiill-atrenctli 
applieators  uusereencd  can  1«  used.  Because  of  their  sitnatioii  thcse  resutt^ 
wou)d  acem  to  be  due  to  the  ability  to  aecure  the  penetration  of  rays  in  sutficient 
amount  to  ali  parts  of  tbe  tumor. 

Tlie  aingle  or  maaaive  doae  uiethod  wou]d  aeem  to  be  tbe  metbod  of  choioo 
with  conaiderabie  amounta  of  mifiltered  or  alightJ,y  filtercd  ravs,  and  this  method 
is  practicablo  becaiiae  of  the  comparative  suseeptibilitv  of  theac  diaeaacd  tissues 
to  radium  irradintions,  it  heing  eatimated  that  tbe  margin  of  time  expoHure  be- 
twccn  the  destnietion  of  tbe  cancer  cclla  and  up  to  a  destructioo  of  the  adjaceiit 
normal  tissuc  cclla  is  at  Icaat  a  fifth  of  the  whole  time  neceaaarv  to  deatroj'  the 
cancer,  a  prettv  aafe  working  margin  for  anv  aligbt  error  in  ovcr-oxp08ure. 

The  superficial  cjiitheliomata  of  the  rodeni  vicer  tijpe  are  the  nioat  easilj 
influeuccd  of  the  akin  cancera,  but  radium  is  very  effective  in  eithcr  the  oieatri- 
cial,  squamoua,  ulcerating  or  fungating  variety,  the  length  and  strength  of  ei- 
poaurea  varying  according  to  the  depth  of  the  leaion.  Fiat  vamiah  appHcators 
of  varying  dimenaiona  have  an  advantage  in  cutancoua  epitheliomata.  but  a  celi 
or  tube  may  bo  used  and  irradiationa  made  at  a  ehort  distance  {\A>  inch)  froni 
the  leaion  in  order  to  cover  a  larger  aroa  at  eacb  appHcation,  remembering  the 
law  of  inverse  proportiona  in  tbis  latter  method, 

Exten8ive  indurated  cutaveaus  epitheHomaia  in  Ihe  region  of  the  nares  and 
eyes,  involving  the  subcutaneous  and  nnderlying  tiasne,  even  with  bony  involve- 
ment,  are  as  auctreaafullv  treated  by  maBsive  doaea  of  ligbt  and  moderntelv  fil- 
tered  radium  as  by  aurpical  intervention  and,  when  aucceaaful.  with  far  better 
coametic  reaults.  A  cure.  dating  baek  a  sufficieut  number  nf  venrs  to  be  an 
called,  of  a  verv  extenaivc  involvement  of  one  naris  and  tho  correspondiug 
maxillary  sinua,  ia  reported. 

Epitheliomata  of  ihe  mucous  memhranes  have  been  notoriou8ly  lesa  in^ 


fiueneed  and  are  more  apt  to  recur  after  radium,  than  skin  cancera.  This  iiiav 
l>e  dne  to  their  greater  ]^inphatic  siipply  witli  a  eon8eqiient  teiideiicy  to  metas- 
tases,  to  a  greater  susceptibilitv  of  normal  inucous  membrane  tiasne  than  is  the 
čase  with  normal  skin  tissiie,  and  to  tlie  inconveniont  loeation  o£  tlie  lesion, 
often  making  prolonged  appUcation  difficult. 

Inoperalile  lesions  can  be  regiilar]y  reduced  and  the  pain  and  discbarge 
dimiiiishcd,  aiid  latterly,  with  the  larger  amouiits  of  radium  at  our  diaposal,  a 
total  diasipation  Iiaa  occaaionallv  reaulted  with  a  fair  prospect  of  permanent  re- 
lief. Generally  speaking,  up  to  the  present  writing,  no  operable  čase  of  mucoua 
membrane  cancer  sbonld  be  treated  bv  radium  hefore  it  ia  anrgicallv  removed, 
biit  radium  shonld  be  resorted  to  in  ali  inoperable  casea  and  13  recommended  by 
Bevoral  observers  as  a  prophvlaetie  measnre  of  considcrahle  valuc.  Metastatic 
glands,  when  discovered  or  often  even  whero  auspected,  shouid  always  be  exposed 
and  8Urgically  estirpated, 

EpilheJiomaia  of  tlie  lotver  lip  would  seem  to  be  more  aiicceB3fiil]y  treated, 
no  matter  how  siiperficial  or  limited,  by  surgery  than  by  radium,  except  aa  a 
prophvlaetie  nieusure  aftfir  operation.  Shouid  radium  therapy  for  coanietic  rea- 
Bons  be  demanded  bere,  estonsive  appHpations  of  well-filtered  radium  could  be 
employed  both  froni  the  mucoua  membrano  and  skin  aurfaeca  dirccted  toward 
the  interior  of  the  lip,  and  an  accompanving  aurgical  operation  of  tbe  submax- 
illarv  glanduiar  tisaue  alionlii  bo  advised.  It  ia  to  be  i-emembered  tbat  occa- 
8iona11y  an  eztensire,  inoperable  mucous  membrane  cancer  can  be  made  operable 
by  powerful  radiuui  applicationa  and  1  or  2  aucli  poatoperations  appareut]y  liave 
been  auccessful. 

fnoperahle  carcinomae  of  the  fonsll  and  pliarynx  are  reported  improved  and 
lately,  since  larger  amounts  of  radium  can  be  obtained,  even  moro  raay  be  looked 
for,  from  the  patieut'B  point  of  view,  hy  a  combination  of  imbedation,  crosa-fire 
and  Burface  irradiationa. 

Cancer  of  fhe  fon^iie,  with  the  uaual  involvement  of  the  aublingiial  glanduiar 
tisaue,  even  in  the  early  easea,  ia  a  aurgieal  iiidication,  but  recnrreneea  and  in- 
operable leaiona  abould  lie  inten8ively  irradiated,  for  occaBionally  a  startHng 
amelioration  of  the  lesion  and  3\'mptoms  intervenea. 

Seep-seated  Cancera,  Carcinoma,  Sarcoma,  etc. — Wickham,  in  hia  book  ptih- 
liahed  in  ini.*!,  aums  up  bia  esperience  with  radium  from  the  Liilmratoire 
Bidiogicjne  du  Radium  in  theae  daaaca  of  caaea  aa  followa:  "AckiiowledBing 
their  special  and  yery  aelective  siisceptibility  to  the  inflnence  of  radium,  I  do 
not  consider  this  action  complete  enoug^h  to  warrant  the  ase  of  radium  as  a  pri- 
mary  therapeutic  agent  in  any  form  of  operable  cancer  with  the  sinile  exception 
of  cancer  of  the  skin."  And  the  Itiidinm  liiatitutcs  of  both  I.oudon  and  Vienna, 
after  a  big  experienee,  absolutelv  concur  with  him  in  thia  opinion.  Marveloua 
improvcment  haa  reaulted  and  even  apparcnt  curea  in  anme  inoperable  easea  fol- 
lowing  the  more  regent  metlioda  of  irradiation,  and  the  above  authorities  urge 
the  use  of  radium  in  inoperable  cancera,  no  niattcr  how  aevere  and  oxtenaive 
they  may  be,    Ifore  or  leaa  relief  of  pain  or  of  diacharge  or  preasure  symptom 
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through  the  rediiction  of  tlie  aize  of  the  masa  cau  be  expected,  aa  after  no  otlier 
knowti  tneajia  of  treatmeiit,  in  theae  inoperable  cases. 

Jnoperablc  tumors  can  somotimes  be  inade  operable,  and  a  cacbectic  genero]  conili* 
tion  can  ofteii  be  greatlj  improved  by  radiimi  applicationa  to  the  ofTeiidiiig  inuss  or 
maases.  The  increasiiig  success,  as  Bhowii  by  reaulta  reported  io  the  more  recent  jfara, 
undoubtedly  has  been  due  to  a  eoncerted  effort  to  project  gMater  massea  of  rajs  mote 
equall}'  distributed  throughout  the  tumor  and  the  imme<liately  surrounding  tJEsues. 
This  is  accompliahed  by  the  employinent  of  far  larger  amounts  of  the  element  thaii 
were  fomierij  used,  by  the  "erose-fire"  method  of  appbcntion  of  raya  projected  inlo  the 
tumor  from  various  parte  of  ita  oircumfe renče,  and  the  imbedding  into  the  raass, 
through  sorgicul  incision,  of  one  or  more  atrong  tulies  sujtablj  distribut«d  nnd  weil 
filtered  witb  very  prolonged  exposurefl  to  get  a  greater  penetration  (2  to  4  mm.  of 
platinum  foil).  In  the  irradintion  of  these  enncers  it  is  genernl]y  conceded  tlint  tabes 
containing  lesa  than  25  mg.  of  tbe  element  are  inefficient,  and  larger  tubes  are  projiof' 
tionateIy  more  effective.  The  daugers  of  aut-b  estensive  and  povrerful  appHeationa 
ahould  alway9  be  borne  in  mind  and  witb  reasonable  čare  can  mostly  be  avuided. 
Sermatitis,  radium  bnms  and  ulceration  mm  result  even  though  the  Alpha  anJ 
sofler  BctH  r;iys  art'  filtLTi-d  out.  Other  dangcra  are  thrombosis  or  hemorrbag:e  of 
gn  included  vesael,  ulceration  of  a  hollow  viacus,  and  sloughing  and  ulceration 
at  tbe  site  of  imbedded  tubes,  either  from  the  breaking  dawii  of  deatro^ed  ceUs  or 
a  seoondary  iufection,  which  is  exceedingly  apt  to  occur,  due  to  tbe  lowcred  fe- 
sistance  against  germ  invuaion  of  the  irradiated  odla,  with  a  more  or  leas  severe  or 
fatal  toxic  absorption  from  either  source. 

EpUhelial  cancers  of  the  uterus,  rectum  and  breast  have  aeemed  to  be  more 
influenced  by  radium  treatment  tban  tbe  other  inoperable  or  recurring  epitlicHo- 
mata. 

Carcinoma  of  the  cervix  and  uierus  is  anatomicall^  well  aituated  for  radium 
applications,  owing  to  ita  tendency  to  spread  around  tbe  \vall8  of  the  organ,  lea*'* 
ing  tbe  cavity  of  tbe  vagina,  corvix  and  utenis  patent  for  the  insertion  of  rttdiniu 
tubes  on  various  applicators  or  in  cathetera.  A  50-ing,  tube  of  tbe  eleuieul  tii- 
tered  with  2  to  4  mm.  of  foi!  and  left  in  plače  for  24  boura  will  rclieve  ps'"- 
hemorrhage  and  discharge  and,  in  a  few  rare  eaaes,  tbe  lesion  haa  entirelj  d"*' 
appeared  over  a  period  of  months  after  radium  treatment,  the  cervix  and  utema 
tending  to  resume  80iuewhat  tbeir  original  contour  and  appearance.  In  llie 
more  extenaive  eaaea,  curettage  of  tbe  fungating  masa,  involving  the  iiterus  or 
corvix  and  vagina,  foilowed  bv  eevere  irradiation  and  irradiation  of  tbe  rect* 
vagiual  aeptum  bj  means  of  a  vell-filtered  tube  in  tbe  rectum,  haa  been  pnnluc 
tive  of  a  marked  regeneration  and  relief. 

Snch  applicationa  to  inoperable  carcinomala  of  tke  rectum  have  occasioiiaH^ 
prolonged  life  for  months  and  even  yeara  and  eaved  the  paticut  the  discomiort 
o£  an  artilieial  anua,  Recurring  nodules  and  inoperable  carcinomata  iif  the 
breast  have  occaaionally  been  dissipated  by  radium  aud,  when  thia  treatuift 
haa  been  eombined  with  resection  of  diaeaaed  glands,  a  few  cases  have  bceu  ire* 
after  many  montha.  In  most  estensive  cases  we]l-filtered  radium  mav  be  im- 
bedded within  tbe  tumor — inserted  beneath  it  hy  elevating  tbe  mass  and  ps*"" 
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ing  the  applicator  aloiig  the  cheat  wall — and  may  be  applied  from  witho\it  by 
■vartiiali  applicator  s  and  tiibes,  over  mapped-out  areas  of  the  surface,  directed 
toward  tlie  center  of  the  niasa,  thiiB,  in  so  far  aa  possible,  insiiring  a  eufficient 
And  equal  difitribiition  of  rays  throughout  the  entire  maas. 

A  Btriking  pereentage  of  ezcisions,  untkout  recurrence  of  carcinomata  of  the 
,  hreast,  prophjlaetically  irradiated  directly  healing  was  eetablishe«^!,  are  reported, 
and  a  few  cases  have  been  made  operable  by  radium  applications. 

Interna!  cancers  involving  or  in  the  immediale  vicinity  of  veseels  and  viscera 
muat  be  approached  with  čare  because  of  the  po88ibility  of  a  destruction  of  the 
valls  of  these  organa ;  neverthelesB,  in  thebe  usually  inoperable  cases,  something 
can  be  lioped  for  froni  a  surgical  expofliire,  with  or  without  a  partial  extirpa- 
tion  of  the  malignant  mass  folIowed  hy  irradiation  by  imbedatioii.  Frequently 
severe  ahock  and  septic  infection  follow  such  an  effort,  but  if  siirvived,  a  very 
eonsiderable  pnilongatiou  of  life  can  result. 

Inoperable  carcinoma  of  ihe  esophagus  and  siomach  ean  be  irradiated  by 
esophageal  radium  carriers  or,  in  the  caae  of  the  stoinach,  through  a  gastrotomy 
wound  made  for  the  purpose  or  for  exp1oration,  often  with  the  amelioration  of 
distressing  s\'mptomB  and  a  prolongation  of  Hfe. 

Cancers  of  the  neck  and  groin,  involving  the  deep  vesaela,  more  or  leas  have 
by  irradiation  after  partial  extirpation  8hown  marveloua  improvement  up  to  an 
apparent  resorption  of  the  masa. 

It  is  in  the  malignant  sarcomala  that  radium  seeins  to  exert  its  greatest  seloc- 
tive  action.  Several  eaaea  of  giant-celled  sarcoma  of  the  femiir  have  disappeareil 
entirelj  after  imbedding  tnbes  of  radium  uniformly  throughout  the  maas.  One 
or  2  very  exten8ive  cases,  dating  back  several  vears,  are  apparently  free  froin 
'  disease.  Thia  method  of  treatment  is  to  be  eonaidered  in  eomparison  with 
BO  serious  and  deforming  a  surgical  procedure  as  aniputation  at  the  hip, 
often  foIlowed  by  exteasioii  of  the  disease  in  spite  of  so  heroic  an 
effort. 

Eveii  eitensive  sarcomata  of  the  parotid  gland  and  lonsil  are  Bometimes 
inarve]ously  inflnenccd,  and  radium,  by  imbedation  and  BUrface  irradiation,  is 
liere  indicated  when  surgery  bas  failed  or  iB  likely  to  fail. 

Inoperable  sarcoma  of  the  prostate  offera  a  field  for  radium  therapy  by  Im- 
bedding tubea  in  the  raaaa  itself  and  irradiations  directed  toward  the  masa  per 
bladder  and  per  rectura. 

Epulis,  when  it  defines  an  osteosarcoma,  ia  readily  influenced  by  radium 
fay»,  and  inoperable  or  borderline  caaea  abou)d  be  ao  treated;  a  preliminarv 
ourettement  of  the  softer  broken-down  tissue  ia  advantageoua.  Here  again 
large  amonnts  of  well-filtered  radinni  are  esaential. 

The  indieationa  for  radium  treatment  of  melastatic  glandular  involvement 
in  cancerouB  diaease  are  the  same  aa  in  caneer  itself — ejttenaive  inoperable 
masBca  of  eniarged  matteJ  glands  are  reduced  and  the  conBequent  pain  and 
awelliiig  from  preasurc  often  present  are  more  or  less  relieved. 

Koenig  and  QanB,  after  a  large  clinical  ezperience  witb  eonsiderable  quanti- 
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ties  of  radium  at  their  disposal,  have  formulated  tbe  following  indications  for 
the  radium  treatment  of  cancer: 

1.  When  cancer  is  operable,  but  can  be  easily  controlled  by  sigbt  and  touch, 
€fmploy  radium. 

2.  Wben  cancer  is  operable  and  not  easilj  controlled  by  sight  and  touch, 
operate,  provided  the  postoperative  mortality  is  not  too  bigh. 

3.  When  inoperable,  radiate. 

4.  After  operation,  whcn  there  is  a  probability  of  a  recurrence,  radiate. 
These  broad  indications  are  in  a  fair  way  to  be  justified  in  tbe  near  futiire. 

In  the  face  of  the  startling  results  that  have  been  attained  in  the  radium  treat- 
ment of  cancer,  it  is  well  to  bear  in  mind  that  the  disappearance  of  a  cancer 
growth  and  the  cure  of  cancer  disease  are  far  from  synonymous  terms. 

A  field  for  experimentation  along  these  lines  lies  in  the  injection  of  soluble 
and  insoluble  salts  of  radium  in  and  around  the  tumor,  in  water  and  oilv 
media,  respectively.  The  results  in  animal  experimentation  up  to  the  present, 
while  not  very  striking,  are  not  yet  condemning. 

Tnbercnlosis. — Impus  vulgaris  and  tuherculous  nodules  are  favorablj  in- 
fluenced  by  radium  but  it  is  necessary  to  produce  a  considerable  inflammatorv 
reaction  to  get  results,  with  more  or  less  scarring  and  telangiectases  resulting. 
Ultraviolet  rays  from  the  Kromayer  or  Finsen  lights  are  equally  effective,  with 
better  cosmetic  results,  and  are,  therefore,  to  be  preferred.    In  infiUrated,  thick, 
granulomaious  lupus  vulgaris  lesions,  inflammatory  radium  exposures  followed 
by  Kromayer  light  treatments  after  the  inflammatory  reaction  bas  subsided  are 
of  advantage.     Rather  extensive  and  lightly  filtered  irradiations  are  here  indi- 
cated. 

In  lupus  of  the  mucous  membrane,  however,  bccause  of  its  inaccessibilitv, 
the  various  radium  appliances  are  the  most  convenient  and  suceessful  thera- 
peutic  agents.  Radium  has  healed  tuherculous  sinuses,  and  ulcers  and  tuher- 
culous (jlands  are  frequently  reduced  by  ultrapenetrating  radium  ravs  from  the 
surface.  There  seems  to  be  no  particular  susceptibilitv  on  the  pa  rt  of  tubercu- 
lous  tissue  over  other  tissues  to  rays  of  radium  and  they  are  not  actively  germi- 
cidal. 

Goiter. — Scveral  cases  of  exophthalmic  goiter  have  been  reduced  and  the 
nervous  and  other  svmptoms  relieved  by  frequently  rcpeatcd  cxposures  to  ultra- 
penetrating  ravs.  The  ^^cross-fire"  method,  with  large  amounts  of  the  element, 
can  be  applied  conveniently  in  these  cases  because  of  the  anatomical  situation 
and  configuration  of  the  tumor.  Radium  tubes  may  also  be  imbedded  in  the 
substance  of  the  gland. 

Hodgkin's  Disease. — Some  cases  are  temporarilv  relieved,  the  glandular  and 
splenic  swellings  reduced  and  the  anemia  and  blood  picture  improved  by  irradi- 
ations witli  larire  amounts  of  ultrapenetrating  rays. 

A  čase  of  splenotnef/ah/  is  reported  with  a  reduction  from  300,000  to  6,000 
in  the  \vhite  celi  count  and  a  greatlv  enlarged  spleen  reduced  to  nonnal  in  a  few 
weeks,  improvement  stili  persisting  after  several  months.    Inflammatory  glandu- 
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lar  enlargements  in  general  are  more  or  less  influenced  by  a  decongestive  action 
of  radium  rays  witho\it  any  inflammatory  reaction. 

Lenkoplakia. — Leukoplakia,  a  condition  prone  to  degenerate,  notoriou8ly  re- 
bellious  to  treatment  and,  because  of  the  extent  of  the  lesions,  often  not  amena- 
ble  to  surgical  methods,  when  thick,  indurated,  mammillated  and  cracked,  can 
be  reduced  to  a  smooth,level,grayi8h  membrane  by  8Hghtly  inflammatory  irradi- 
ationSjthe  pain  and  tenderness  relieved  and  the  liabilityto  degeneration  dimin- 
ished.  The  level  or  8lightly  grayish,  painless  patches,  8how  little  improvement 
and  are  better  treated  with  soothing  or  mildly  astringent  lotions  and  applica- 
tions  and  the  interdietion  of  tobacco,  alcohol  and  irritating  foods  and  drinks. 

Chronic,  slnggish  nlcerations,  such  a8  are  often  seen  on  the  lower  legs^  with 
a  poor  circulation  and  with  varico8e  veins,  can  often  be  made  to  heal  by  re- 
peated,  mild,  stimulating  applications  of  radium. 

Nenralgic  and  Itching  Conditions. — The  marvelous  neurotrophic  effect  of 
radium  in  relieving  indefinite  neuralgic  and  itching  conditions  and  its  broad 
application  in  the  field  of  dermatoIogy  should  always  be  remembered. 


Compared  with  the  X-ray,  radium  in  sufficient  amounts  will  accomplish, 
therapeutically,  anything  that  the  former  can  do.  Its  Gamma  ray8  are  more 
penetrating  than  any  of  the  X-rays  so  far  produced,  and  its  portability  and  the 
convcnience  of  the  method  of  application  are  important  considerations. 

The  stability  of  the  amount  and  character  of  rays  emitted  from  an  hermeti- 
cally  sealed  apparatus  is  a  very  important  advantage  in  radium  therapy. 
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ezternal,  and  its  branches,  388 
internal    operative    treatment    of,    387, 
388 
of  femoral  artery,  operative  treatment  of, 

393 
of    iliac   arteries,    operative   treatment   of, 
391 
in  external  tract,  391 
in  internal  branches,  392 
extirpation  in,  392,  393 
of  innominate  artery,  treatment  of,  385 
complications  in,  386 
distal  ligation  in,  386 
wiring  with  electroljsis  in,  386 
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Anearjsm,  of  popliteal  artei7y  operative  treat* 
ment  of,  393-395 
of  renal  arteries,  385 
of  subclavian  artei7y  389 
medical  treatment  of,  389 
operative  treatment  of,  389 
ligation  in,  389 
surgical  treatment  of,  363 
aneurjsmectomj,  377 
compression  in,  364 
digital,  364 
direct,  364 
elastic,  364 
postural,  364 
endo-aneurjsmorrhaph^   and    aneurjsmo- 
plastj  operations  in,  370 
technic  of  closure  of  arterial  stomata 

of  sac  in,  370 
treatment  of  sac  foIIowing  closure  of 
stomata  in,  374 
ideal  operations  in,  377 
ligation  in,  365 
distal,  368 

earij  methoda  of,  365 
objections  to,  368 
proximal,  367 
results  of,  368 
technic  of,  366 
needling  in,  369 
refrigeration  in,  363 
wiring  in,  369 

Moore^s  method  of,  369 
with  electroljsb  (Moore-Corradi),  369 
^rphilis  and,  173 
thoracic,  379 
ligature  of  thoracic  aorta  in  treatment 

of,  382 
saccular  form  of,  380 

wiring  with  electroljsia  in,  380 
complications  in,  381 
results  of,  381 
Aneurjsmal  variz  in  bullet  wound8  of  blood- 
vessels,  663 
in  gunshot  wound8  of  neck,  669 
Aneur^rsmectomj,  377 

''ideal''  operations  in,  377 
Aneurjsmoplastj  operations,  374 
Angina,  vaccine  therapj  of,  210 
Angina    Ludovici,     contra-indicating    opera- 
tions, 187 
Angiomata,  of  the  lower  lip,  operation  for 
ezcision  of,  494 
radium  therapy  of,  765 
vaacular,     operations     on     capillaries     for 
treatment    of,    328.      See    also 
under  Capillaries. 
Ankle,  bursas  about,  diseases  of,  633 
Ankle  joint,  dislocation  of,  757 
backward,  757 
forward,  757 
infected  wounds  of,  treatment  of,  665 
Anoei-association  anesthesia,  127 

technic  of,  127,  128 
Anth^T\^,    in    animals,    vaccine    therapj    of, 
206 
in  man,  serum  therapj  of,  206 
tiMimeiit  ofy  695 
^lirWtte  4im  iijeetioii«  Sa.  M6 


Anthraz,  treatment  of,  operative,  605 

serum  therapj  in,  695 
Antibodies,  198 
Antigens,  198,  201 

Antiseptics,    intravenous    injections    of,    for 
treatment   of   wounds   in   blood 
infections,  691 
Antitozin,  diphtheria.     See  Diphtheria  anti- 
tozin. 
eifect  of  heat  on,  200 
tetanus.    See  Tetanus  antitozin. 
Antjrllus,  use  of  ligature  hj,  for  aneurjsm, 

365 
Anuria,  contra-indication  to  operation,  192 
'<  Anesthesia  paraljsis,"  556 
Anesthetic,   intraspinal   injection   of,   tempo* 
rar^r  relief  of  spasticitj  bj,  530 
Anesthetometer,  Connell,  131-134 
Aorta,  abdominal,  aneur^rsm  of.     See  under 
Abdominal  aorta, 
ligation  of,  in  continuitj,  430 
anatomj  of,  430 
operation  in,  431 
eztraperitoneal  ligation  in,  431 
results  of,  431 
thoracic,     aneurjsm     of.       See     Thoracie 
aneur^rsm. 
Appendicitis,  perforative,  in  tabetics,  173 
Arms,  anesthetization  of,  64 

f ractures  of.     See  under  Fracturea. 
gunshot  wounds  of,  671 
infected  wounds  in  joints  of,  666 
muscles  of,  ischemic  contracture  of,  616 
causes  of,  616 
jesults  of,  616 
treatment  of,  616-618 
rupture     of,     operative     treatment     of, 
613 
Arterial  anastomosis.     See  under  Anastomo- 


Arteries,  embolus  in,  arterial  section  for,  283 
arteriovenous    anastomosis    for    removal 
of,  275.     See  aUo  under  Arter- 
ies. 
Arteries,  ligation  of,  in  continuitj,  399 
force  applied  in,  400 
force  necessary  to  rupture  eoats  in,  401 
in  abdominal  aorta,  430 
anatomj  of,  430 
operation  in,  431 

eztraperitoneal  ligation  in,  431 
results  of,  431 
in  azillarj  arterj,  420 
anatomj  of,  420 
operation  in,  421 

ligation  of  first  portion  in,  421 
ligation  of  second  portion  in,  422 
ligation  of  third  portion  in,  422 
results  of  operation  in,  422 
in  brachial  artery,  422 
anatoniy  of,  422 
operation   in,  423 

in  cubital   foH8a,  424 
in   niiddle   third,   424 
in  ui)[>er  third,  423 
in  carotid,  common,  405 
anatomy  of,  405 
operation  in,  406 
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Arteries,  ligation  of,  in  continuity,  in  caro- 
tid,  common,  operation  in,  liga- 
tion above  omohyoi(l  in,  406 
ligation  belovv  omohjoid  in,  407 
results  of  operation  in,  407 
extemal,  408 
anatomj  of,  408 
operation  in,  408-411 
intcrnal,  411 
anatomy  of,  411 
operation  in,  411 
results  of  operation  in,  411 
in  circumflez  arterj,  deep,  430 
anatomj  of,  439 
operation  in,  439 
in  dorsalis  pedis  arteiy,  447 
anatomy  of ,  447 
operation  in,  448 
in  epigastric  art€ry,  deep,  439 
anatomy  of,  439 
operation  in,  439 
in  femoral  artery,  439 
anatomy  of,  439 
operation  in,  440 

in  common  femoral,  440 

in     superficial     femoral    at    apez    of 

Scarpa^s  triangle,  440 
in     superficial     femoral    in    Hunter'8 
canal,  441 
in  gluteal  arterj,  435 
anatomy  of,  435 
operation  in,  436 
in  iliac  artery,  common,  431 
anatomy  of,  431 
operation  in,  432 
extraperitoneal,  433 
transperitoneal,  432 
results  of  operation  in,  434 
ezternal,  438 
anatomy  of,  438 
operation  in,  438 
extrapcritoneal,  438 
transperitoneal,  438 
results  of  operation  in,  438 
internal,  434 
anatomy  of,  434 
operation  in,  434 
results  of  operation  in,  435 
in  innominate  artery,  403 
anatoniy  of,  403 
operation  in,  404 
first  method  of,  404 
second   method  of,  404 
third  method  of,  404 
results  of  operation  in,  404 
in  mammary  artery,  internal,  419 
anatomy  of,  419 
operation  in,  419-420 
in  peroneal  artery,  445 
anatomy  of,  445 
operation  of,  445 
in  lo\ver  third,  445 
in  upi>er  third,  445 
in  popliteal  artery,  441 
anatomy  of,  441 
operation  in,  442 

in  lowcr  pa  rt  of  popliteal  space,  443 
in  upper  part  of  popliteal  space,  442 


Arteries,  ligation  of,  in  continuity,   in  pop- 
liteal   art«ry,   results   of   opera- 
tion in,  443 
in  pudic  artery,  int«mal,  437 
anatomy  of,  437 
operation  in,  437 
in  radial  art;ery,  425 
anatomy  of,  425 
operation  in,  426 
in  hand,  427 
in  lower  third,  426 
in  upper  third,  426 
in  wrist,  427 
in  Bciatic  artery,  437 
anatomy  of,  437 
operation  in,  437 

operation  in  third  or  second  portion  of, 
417 
results  of,  418 
in  subclavian  arterj,  413 
anatomy  of,  413 

operation  in  first  portion  of,  415 
results  of;  416 
in  supra-orbital  arterj,  413 
anatomy  of,  413 
operation  in,  413 
in  tibial  artery,  anterior,  445 
anatomy  of ,  445 
operation   in,  446 
in  lower  third,  447 
in  upper  third,  446 
posterior,  443 
anatomy  of ,  443 
operation  in,  444 

behind  the  medial  malleolus,  444 
in  middle  of  leg,  444 
in  ulnar  artery,  428 
anatomy  of,  428 
operation  in,  429 
in  hand,  430 
in  juncturc  of  upper  and  middle  thirdB, 

429 
in  lower  third,  429 
in  wri8t,  429 
in  vcrtebral  artery,  418 
anatomy  of,  418 
operation  in,  419 
results  of  operation  in,  419 
indications  for,  399 
Instruments  for,  399 
knot  in,  400 

ligaturc  material  for,  399 
opening   of   sheath   of   vessel    and    passing 

aneurysm  needle  in,  402 
recognition  of  artery  in,  401 
results  of,  401 
Arteries,  operations  on,  255 
to  check  bleeding,  255 

bandages  and  compresses  in,  256 
digital  pressure  in,  256 
forcipressure  in,  257 
ligation  in,  258 
postu ral  compression  in,  255 
torsion  in,  258 
tourniqiiet   in,  256 
clastic,  256 

massage  and  elevation  in  use  of, 256,257 
pneumatic  constrictor  as^  257 
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Arteries,  operations  on,  to  restore  or  reestab- 
lish  circulation,  259 
arterial  anastomosis  in,  262 
choice  of  methods  in,  272 
Guthrie  on  general  restoration  in,  273 
indications  and  contra-indications  for, 

262 
instrumenta  for,  263 
methods  used  in,  263 

broad  marginal  apposition  methods, 
265 
BriauJaboulaj,  265,  266 
Dorrance,  266 
Lespinasse   and    Eisenstaedt,   266, 

267 
Salomoni,  265,  266 
direct        marginal        approximation 
methods,  266 
Carrers  method  of,  267,  273 
general  rules  in,  267 
Instruments  for,  268 
preparation      of      vessels     and 

hemostasis  in,  268 
reestablishment     of     circulation 

in,  269 
sutures  in,  269 
stay,  270 
Dobrovvolskaja 's   method   of,   271, 

272 
Guthrie 's  method  of,  270 
Horsley  ^s  method  of ,  271 
Jeger'8  technic  of,  270,  271 
0'Day'8  technic  of,  272 
invagination    methods    of    Murphj, 
263,  272 
early  method,  263 
reccnt  method,  264 
invagination    method   of   Pajr,   264, 
272,  273 
Hoepfner's    modification   of,    264, 
265 
results  of,  274 
arterial  section,  283 
operation  in,  283 
results  of,  284 
arteriovenous  anastomosis,  275 
choice  of  methods  in,  279 
end-to-en<l,  275 

CarrePs  method,  275 
Murphy*8  method,   275 
end-to-aide,  275 

Carrel    and    Guthrie 's    methods    of, 

275,  276 
Jeger*8  method  of,  277 
Wieting's  method  of,  276 
results  in,  281 
side-toside,  277 

Bemheim    and    Stone's    method    of, 

279 
Carrers  metliod  of,  277 
Guthrie  *s  metho(i  of,  278 
Lespinasse  and  Eisenstaedt 's  method 
of,  278 
lateral  suture  iu,  259 
Instruments  in,  259 
preparation  for,  259 
technic  of  operation  in,  260-262 
transplantatioi:  of  arteries  in,  285 


Arteries,  trauma  of,  arteriovenous  anastomo- 
sis  for   removal   of   obstruction 
in,  275.     See  also  under  Arter- 
-    ies,  operations  on. 
Arteriosclerosis  and  operation,  191 
Arteriovenous  anastomosis.     See  under  Anas- 
tomosis. 
Arteriovenous  aneurjsm,  treatment,  379 
Arthritis,    complicating    scarlet    f ever, 
156 
vaccine  therapy  of,  206 
Artificial  respiration.     See  Respiration,  arti- 

ficial. 
Artillery,  modern,  of  land  warfare,  672 
Ascites,  Handley's  operation  for  establishing 
artificial    channels    for     lymph 
drainage  in,  332 
Aseptic  surgical  technic,  1 
agents  of  infection  in,  2 
aspirating  sjringes  in,  14 
autoclave  or  steam  sterilizer  in,  22-25 
drainage  in,  13 

cigarette  drain  for,  13 
glass  tubes  for,  13 
rubber  tissue  drains  for,  14 
rubber  tubes  for,  13 
dressings  in,  8 
bandages  for,  11 
muli,  11 

plaster-of -Pariš,  11 
silicate  of  soda,  12 
adhesive  plasters  for,  12 
moleskin,  12 
zine  oxid,  12 
cotton,  10 
gauze,  9 

impregnated,  10 
sponges  for,  10 
fractional  sterilization  of  materiala  in,  3 
hands  in,  preparation  for,  16 
rubber  gloves  for,  16,  17 
put.ting  on  of,  19 
sterilization  of,  18 
use  of,  arguments  for,  18,  20 
hjpodermic  syringes  in,  14 
Instruments  in,  14 
selection  of,  14 
sterilization  of,  15 
methods   of    prevention   and   eounteraction 
of  infection  in,  2 
hy  germicidal  agents,  3 
Chemicals,  3 
alcohol,  4 

bichlorid  of   mercurjr,  4 
carbolic  acid,  4 
formaldehyd  gas,  5 
iodin,  4 
iodoform,  4 

potassium  permanganate,  4 
heat,  3 
boiling,  3 
cauterj,  3 
hot  air,  3 
live  steam,  3 
hj    mechanical    means    of    sterilization, 
3 
skin  of  patient  in,  21 
sources  of  infection  in,  2 
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Aseptie    surgical    technic,     suture    material 
in,  5 
aluminum  allojs,  8 
catfi^t,  6 

preparation  of,  6 
by  chromic  acid  method,  7 
hy  cumol  method,  6 
hj  iodin  method,  7 
kangaroo  tendon,  8 
Pa^nstecher 's  tbread,  8 
silk,  8 

8ilkworm£^t,  8 
silver  wire,  8 
water  sterilization  in,  25 
Aspirating  bottle,  Connell,  220 
Aspirating  sjringes,  14 
Aspiration  in  operative  8urgeiy,  229 

continuous,    application   of,   during   opera* 
tion,  236 
advantages  of,  235 
for  production  of  hjperemia,  246 
in  abdomen,  237,  238 
in  gall-bladder  and  ducts,  238 
in  genitourinarj  tract,  238 
in  head,  236 

in  intra-abdominal  conditions,  238 
in  mastoid  region,  237 
in  mouth  and  phar^nz,  237 
in  spinal  cord,  237 
in  stomach,  238 
in  thoraz,  237 
postoperative  application  of,  239 
apparatus  for,  239,  240 
in  abdomen,  244 
in  head,  240 

in  mouth  and  pharjnz,  241 
in  thoraz,  241 

Kenjon^s  method  of,  242-244 
producing  of ,  229 

čare  and  cleaning  of  apparatus  in,  232 
connections   between    suetion    pump    and 

wound  in,  232 
first  use  of  pumps  in,  232 
in  private  houses,  231 
pumps  in,  229 
ejeetor,  230 
filter,  230 
mechanical,  229 

opera ted  by  fluid  or  vapor,  230 
tipa  or  nozzles  in,  232 
double  tip,  233 
for  mouth  and  pharynx,  235 
for  use  as  retractors,  235 
single  tube,  232 
Atropin  as  adjunct  in  ether  anesthesia,  103 

dosage  of,  103 
Atropin    sulphate,    hypodermic    injection    of, 

for  shock,  677 
Autoclave,  22-25 
Autogenous  vaccines,  204^  205 
Avulsion,  nerve,  536 

Axillary     arterj,     aneurjsm     of,     operative 
treatment  of,  390 
ligation  of,  in  continuitj,  420 
anatomy  of,  420 
operation  in,  421 

ligation  of  first  portion  in,  421 
ligation  of  second  portion  in,  422 


Asillarj  arteij,  ligation  of ,  in  continuity,  op- 
eration in,  ligation  of  third  por- 
tion in,  422 
results  of  operation  in,  422 

Babcock^s   method    of   ezcision    for   varicose 

veins,  322 
Bacillus  aerogenes  capsulatus  infection,  vac- 

čine  therapy  of,  206 
Bacillus  pestiš.     See  Bubonic  plague. 
Bacterial  immunitj,  200 
bacteriolysis  in,  201 
phagocyto8is  in,  200 
Bacterial  toxins,  immunitj  conf erred  hy  injec- 
tion of  small  quantities  of,  199 
immunity  to,  199 
intracellular,  199 
Bacteriemia,  treatment  of ,  691 
BacterioIy8is,  201 
Bacteriotropins,  201 
Baking-soda  solution  for  bums,  698 
Balkan  war,  statistics  of  mortalitj  of  pointed 

buUet  in,  654,  658 
Bandages,  11 
muli,  11 

plaster-of -Pariš,   11 
silicate  of  soda,  12 
Bandages  and  compresses  to  check  bleeding 
in  arteries,  256 
in  veins,  286 
Bath,  continuous,  in  treatment  of   bums  of 

third  degree,  699 
Beck^s    subnitrate   and   vaselin    injection   in 
treatment     of     tuberculosis    of 
muscies,  620 
Bedbugs,  bites  of,  treatment  of  wounds  due 

to,  686 
Beebe's  antithyroid  serum,  208 
Bees,  stings  of,  treatment  of  wound8  due  to, 

686 
Bennett  inhaler  for  nitrous  ozid-ether  anes- 
thesia, 103 
Bentley  Squier's  portable  table,  42,  43 
Benzin  method  of  skin  sterilization  for  opera- 

tions,  149 
Beraneck'8  tuberculin,  216 
Bernheim's  transfusion   tube  and  technic  in 

direct  blood  transfusion,  306 
Bernheim  and  Stone*8  method  of  side-to-side 
arteriovenous    anastomosis,    279 
Berry  and   Legg^s  method   of   operation   for 

cleft  palate,  470 
Beta-eucain  in  local  anesthesia,  51 
Beta  ray8  of  radium,  762 
Bichiorid    of    mercury    for    sterilization    in 

aseptie  surgical  technic,  4 
Bichiorid  of  mercury  poisoning,  184 
operation  contra-indicated  in,  185 
stripping  of  capsule  of  kidnej  in,  184,  185 
8yniptoms  of,  185 
Bismuth   subnitrate  and  vaselin   injection  in 
treatment     of     tuberculosis    of 
muscies,  620 
Bladder,  diseases  of,  and  operations,  192 

gunshot  wound8  of,  670 
Bia8tomycosis,  treatment  of,  697 
Bleeding  in  arteries,  operations  to  check.  255 
bandages  and  compresses  in^  256 


INDEX 


781 


fileeding  in  arteries,  operations  to  check,  dig- 
ital  prossure  in,  256 
forcipressure  in,  257 
ligation  in,  258 
postural  compression  in,  255 
torsion  in,  258 
toumiquet  in,  256 
elastic,  256 
massage   and   elevation   in   use  of,   256, 

257 
pneumatic  constrictor  as,  257 
^£leeding  in  capillaries,  operations  to  check,327 
ligation  en  masse  for,  328 
local  coagulants  in,  327 
adrenalin,  327 
gelatin,  327 
hotwater,  327 
hjdrogen  peroxid,  327 
packing  for,  328 
Sleeding  in  veins,  operations  to  eheck,  286 
baudages  and  compresses  in,  286 
cauterj  in,  286 
digital  pressure  in,  286 
forcipressure  in,  286 
gauze  packing  in,  286 
ligation  in,  286 
postural  compression  in,  286 
torsion  in,  286 
BIepharopla8ty.      See    Ejelids,    plastic    sur- 

gery  of . 
Blood   infections,   due    to  bacterial  invasion 
from  Tvounds,  691 
treatment  of,  691 
Blood  transfusion,  299 
choice  of  methods  in,  316 
eontra-indications  for,  300 
dangers  of,  318 

agglutination  in,  318 
air  embolism  in,  319 
alteration  of  gaseous  tension  of  blood  in, 

319 
blood  embolism  in,  319 
dilatation  of  heart,  acute,  in,  319 
hemoljsis  in,  318 
transmission  of  disease  in,  318 
defibrinated  blood  in,  341 
direct  transfusion  in,  303 
arterj-to-vein  method  of,  303 
Bemheim's  tube   in,  306 
Brewer's  tubes  in,  308 
CarrePs  suture  in,  308 
Crile^s  cannula  in,  303 
Elsberg^s  cannula  in,  305 
vein-to-vein  method  of,  309 
Fauntleroj  's  tubes  in,  309 
for  immunization,  225 
for  shock,  30,  678 
general  management  of,  300 

amount   of   blood   to    be   transfused   in, 

303 
controlling  of  inflow  of  blood  in,  301 
testing  blood  of  donor  and  recipient  in, 
300 
history  of,  337 

apparatus  used  in,  earlj,  337 
later,  339 
recent,  340 
sjringe  methods  of  recent  times  in,  340 


Blood  transfusion,  indieations  for,  299 
indirect  transfusion  in,  310 

Coolej  and  Vaughan^s  method  of,  312 
Curtis  and  David  method  of,  310 
Kimpton^s  method  of,  312 
Lindeman^s  method  of,  312-315 
McOrath's  method  of,  315 
Satterlee  and  Hooker^s  method  of,  316, 
337  et  seq. 
operation    with    hirudin-coated    pipets 
in,  353 
preparation  of  pipets  with  himdin 
in,  354 
operation  with  paraffin-eoated  pipet  in, 
345 
apparatus  in,  346 
instruments  in,  345 
preparation  of  pipets  with  paraffin 

coating  in,  352 
technic  of,  347 
theoretical    considerations    and    prin- 
ciples  underljing,  342 
instruments  for,  300 
paraffin  methods  in,  342 
Blood-vessels,  compression  of,  through  intra- 
muscular   incision  for  ehecking 
of    hemorrhage    in    operations, 
31 
gunshot  wounds  of,  663 
recurrent  bleeding  in,  663 
secondarj  hemorrhage  in,  663 
spontaneous    stopping    of    bleeding    in, 

663 
treatment  of,  663 
inoperable    cancer    of    or    near,     radium 

therapy  for,  769 
ligating  of ,  in  hemostasis  in  operations,  29 

in  pedicles,  29 
operations  on,  249.     See  also  under  Arter- 
ies,      Veins,      Capillaries      and 
Lymphatics. 
anatomical  considerations  in,  251 
general  considerations  of,  249 
instruments  used  in,  253,  254 
methods  used  in,  255 
surgical  procedures  in,  250 
on  arteries,  250 
on  capillaries,  251 
on  Ijmphatics,  251 
on  veins,  250 
Blundell,    James,    blood    transfusion    ezperi- 

ments  of,  338 
Blundeirs  gravitator,  339 

' '  impellor, ' '  338 
Boiling,  in  sterilization,  3 
Bone  bleeding,  ehecking  of,  in  operations,  29 
Bone  operations,  technic  of,  31,  32 
Bone  resection  in  neuroplasty,  541 
Bones,  fractures  of,  due  to  gunshot  wound8, 
664 
infected,  664 
gunshot  wounds  of,  662 
Boothbj   apparatus  for   nitrous  oxid-ozygen, 
air  and  ether  miztures,  for  anes- 
thesia,  116,  117 
continuous  flow  method  of   administration 
of  gases  in  nitrous  ozid-ojjgen 
anesthesia,  120 


782 


INDEX 


Boothbj   method   of   setting  staj   sutures   in 
vein   before   removal  for  trans* 
plantation,  293 
^ordet-Gengou  phenomenon,  222 
Brachial   artery,    ligation   of,    in   continuity, 
422 
anatomy  of,  422 
operation  in,  423 
in  cubital  fossa,  424 
in  middle  third,  424 
in  upper  third,  423 
Brachial  birth  paraljsis,  Erb'8  tjpe  of.    8ee 

Brachial  plexus  lesions. 
Brachial  plexus  anestbesia,  62 
Brachial  plexus  lesions,  545 
below  the  clavicle,  555 
in  adults,  expIoratory  operation  in,  551 
in  infants,  early  operation  in,  549 
nature  of,  546 
operative  treatment  of,  551 
postoperative  treatment  of,  555 
treatment  for,  preceding  operation,  549 
Bradford  f rame  for  application  of  plaster-of- 
Paris    jacket    with    patient    in 
prone  position,  744 
Breast,  inoperable  cancer  of,  radium  therapj 

for,  768 
Brewer'8  tubes  and   technic  in   direct  blood 

transfusion,  308 
Briau-Jaboulaj  interrupted  suture  for  arter- 
ies,  261,  262 
method   of   end-to-end    suture   of   arteries, 
265,  266 
Bridgiug,  nerve,  540 

by  nerve  transplantations,  540 
by  tubulization,  541 
by  use  of  a  vein,  541 
Bronchi,   diseases   of,    and   anesthetie   in   op- 
eration, 189 
Bronchial  obstruction   to  respiratiou  in  anes- 

thcsia,  137 
Bronchopneumonia  coniplicating  mcasles,  156 
Brophy'8  method  of  operation  for  cleft  pal- 
ate  in  pationts  who8e  bones  are 
well  ossified  and  deciduous  teeth 
well  erupted,  478 
osteoplastic   operation    for   cleft   palate   in 
infants,  482 
Bubonic  plague,  serum  therapy  of,  212 

vaccine  therapy  of,  212 
Bučk 's   extension   for    fractures  of   shaft   of 

femur,  731,  732 
Bullets,  modem  military  pointed  rifle,  652 
French,  653 
German,  652 

Riedinger's  experiments  with,   652-654 
wounds  produced  by,  653 
in  Balkan  war,  654,  658 
rifle,  wounds  due  to,  661.     See  also  under 
Gunshot  wounds. 
Burns,  697 

due  to  Chemicals,  700 
acids,  700 

caustic  alkalies,  700 
due  to  cold,  702 
due  to  electricity,  701 
due  to  heat,  697 
ftrst  aid  in,  698 


Burns,  due  to  heat,  general  treatment  of ,  700 
local  treatment  of,  698 
in  first  degree  burns,  698 
in  second  degree  burns,  698 
in  third  degree  burns,  698 
late,  699,  700 
due  to  light  rays,  700 
due  to  radium,  701 
due  to  sun,  700 
due  to  X-ray8,  700 
Bursae,  630 
about  ankle,  diseases  of,  633 
about  hip,  diseases  of,  633 
about  knee,  diseases  of ,  633 
diseases  of,  632 

inflammations  of,  630.     See  also  Bursitis. 
mucossc,  630 

olecranon,  diseases  of,  633 
physiology  of,  630 
popliteal,  diseases  of,  633 
prepatellar,  diseases  of,  633 
subacromial,  632 
subdeltoid,  632 

acute  inflammation  of,  632 

treatment  of ,  632 
tuberculosis  of,  632 
treatment  of,  632 
synovi8B,  630 
tuberculosis  of,  632 
Bursitis,  acute,  630 
treatment  of,  630 
acute  suppurative,  631 
etiology  of,  631 
treatment  of,  631,  632 
chronic,  631 

treatment  of,  631 
occupation,  631 
subacromial,  632 
subdeltoid,  632.    See  also  Subdeltoid  bursa. 

Calmette^s    conjunctival    tuberculin    reaction, 

221 
Calofs  head  si  ing,  742 

plaster-of-Paris  jacket,  747 
removable,  748 
Camphor    dissolved   in   olive   oil,    hypodermie 

injection  of,  for  shock,  677 
Cancer,  inoperable,  radium  therapy  of,  767 

metastatic    glandular    involvement    in, 

769 
of  breast,  768 
of  cervix,  768 
of  esophagus,   769 
of  groin,  769 
of  neck,  769 
of  rectum,  768 
of  stomach,  769 
of  uterus,  768 

of  or  near  blood  vessels,  769 
of  or  near  viscera,  769 
of  tongue,  radium  therapy  of,  767 
of  tonsil  and  pharynx,  radium  therapj  of, 

767 
radium  therapy  of,  indications  for,  770 
Canister  in  land  warfare,  strueture  of,  671 
Capillaries,  operations  on,  327 
to  check  bleeding,  327 
ligation  en  ma89e  in,  328 
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Capillarles,  operations  on,  to  check  bleeding, 
local  coagulants  in,  327 
adrenalin,  327 
gelatin,  327 
hot  water,  327 
hjdrogen  peroxid,  327 
packing  in,  328 
to    obliterate    vascular    channels    in    small 
angiomata  and  nevi,  328 
choice  of  method  in,  330 
desiccation  in,  328 
ezcision  in,  328 
freezing  in,  328 
injection  in,  329 
ligation  in,  329 
Carbolic  acid  cauterj  in  actinomjcosis,  696 
Carbolic  acid  in  treatment  of  tetanus,  694 
Carbolic  acid  injections  in  anthrax,  695 
Carbon  bisulphid  poisoning,  chronic,  703 
Carbon  dioxid  8now  in  freezing  of  nevi,  328 
Carbon  monoxid  poisoning,  acute,  702 
Carbon  tetrachlorid  method  of  skin  steriliza- 

tion  for  operations,  150 
Carbuncle,  vaccine  therapj  of,  205 
Carcinomata  of  muscies,  622 
Cardiac  failure  in  anestbesia,  139 
etiologj  of,  139 
prophjlazis  of,  140 
treatment  of,  140  - 
Carotid  arterj,  common,  aneurjsm  of,  opera* 
tive  treatment  for,  386 
cerebral  complications  in,  386,  387 
pressure  8ymptom8  in,  386 
ligation  of,  in  continuity,  405 
anatomj  of,  405 
operation  in,  406 

ligation  above  omohjoid  in,  406 
ligation  below  omohyoid  in,  407 
results  of  operation  in,  407 
external,  aneurjsm  of,  388 
ligation  of,  in  continuity,  408 
anatomj  of,  408 
operation  in,  408-411 
internal,  aneury8m  of,  operative  treatment 
of,  387,  388 
ligation  of,  in  continuity,  411 
anatomy  of,  411 
operation  in,  411 
results  of  operation  in,  411 
Carpals,  dislocation  of,  758 
in  mediocarpal  joint,  758 
of  semilunar  bone,  758 
Carpometacarpal  joints,  dislocation  of,  758 
CarreFs  method  of  enci-to-cnd  arterial  anasto- 
mosis,  267,  273 
general  rules  in,  267 
instruments  for,  268 
preparation   of  vessels  and  hemostasis  in, 

268 
reestablishment  of  circulation  in,  269 
sutures  in,  269 
8tay,  270 
Carrel^s  method  of  end-to-end  arteriovenous 

anastomosis,  275 
Carrel'8  method  of  side-to-side  arteriovenous 

anastomosis,  277 
Carrers  suture  method  in  direct  blood  trans- 
fusion,  308 


Carrel  and  Outhrie^s  methods  of  end-to-side 
arteriovenous   anastomosis,   275, 
276 
Čase  shot  in  land  warfare,  stnicture  of,  671 
Catarrh,  chronic,  and  operative,  189 
Catgut  for  suturing,  6 
preparation  of ,  6 

by  chromic  acid  method,  7 
by  cumol  method,  6 
by  iodin  method,  7 
Cauda  equina,  injuries  to,  560 
anatomical  considerations  in,  560 
causes  of,  560 
treatment  of,  561 
results  of,  561 
Cauterization  in  sterilization  of  wound8,  3 
in  treatment  of  nevi,  329 
to  check  bleeding  in  veins,  286 
Geliotomy,  infiltration  anesthesia  for,  57 
Celiotomy  position  in  operations,  40 
Cellulitis,  complicating  acute  suppurative  in- 
flammation  of  tendon  sheaths  of 
hand,  642 
gaseous  or   emphy8ematous,   treatment  of, 

690 
treatment  of,  690 
Centipedes,  treatment  of  wound8  due  to,  687 
Cerebral  complications  in  treatment  of  com- 
mon carotid  aneurysm,  386 
Cerebral  softening  due  to  ligation  of  com- 
mon carotid  in  treatment  of  in- 
nominate   aneurysm,   386 
Cerebrospinal  meningitis,  epidemic,  157 
lumbar  puncture  in,  157 
lumbar  puncture  in,  210 
serum  therapy  of,  211 
vaccine  therapy  in,  211 
Cervical  adenitis  complicating  diphtheria,  156 
Cervix,  inoperable  cancer  of,  radium  therapj 

for,  768 
Chapman  filter  pump  for  aspiration,  in  op- 
erative 8urgery,  230 
Charcofs  knee  joint,  rcsection  in,  in  sjphili- 

tic  patients,  173 
Cheeks,  plastic  surgery  of,  508 

Esmarch-Koleralzig  operation  in,  513 
Gersuny's  moditication  of  Kraškega  opera- 
tion in,  512 
Hacker*8  operation  in,  509 
IIahn's  operation  in,  509 
Hotchki8s's  operation  in,  511 
Israel  's  operation  in,  508 
Lerda's  operation  in,  509-511 
Lexer  's  operation  in,  509 
Cheeks,  rcgion  of,  autoplastic  operations  in, 
513 
for  cicatricial  maxillary  occlusion,  Oussen- 

bauer's  operation  of,  513 
for  disfigurements  due  to  facial  paraljsis, 

514 
hjdrocarbon  protheses,  515 
preparation  of  paraffin  in,  515 
syringes  in,  515 
technic  of  operation  in,  516 
treatment   following  operation  in,  516 
muscie  plastics  in,  Lexer  method  of,  514 
Cheiloplasty.      See    Harelip,    operations    for, 
aUo  under  Lip,  lower. 
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Cheilorrhaphj.        8ee      Harelip,      operations 

for. 
Chemical  abscesses,  production  of,  for  treat- 
ment  of  wound8  in  blood  infec- 
tions,  692 
ChemicalB,  use  of ,  in  hemostasis  in  operations, 

29 
Chicken  poz,  surgical  complications  of,  154 
Chilblains,  treatment  of,  702 
Chloretone  in  treatment  of  tetanus,  694 
Chloroform,  as  adjunct  in  ether  anesthesia, 
104 
technic  of,  105 
danger  of  ignition  of,  134 
phjsical  properties  of,  105 
Chloroform  anesthesia,  105 

administration  of  chloroform  in,  technic  of , 
108 
bj  open  drop  method,  108 
hj  vapor  methods,  109 

continuous  vapor  delivery  in,  110 
interrupted  vapor  deliverj  in,  109 
clinical  course  of,  107 

first  stage  or  stage  of  conscious  ezcite- 

ment  in,  107 
second  stage  or  stage  of  involuntarj  ex- 

citement  in,  107 
third   stage   or  stage  of   surgical  anes- 

uiesia  in,  108 
fourth  stage  or  stage  of  overdose  in,  108 
fifth  stage  or  stage  of  recoverj  in,  108 
eifects  of  chloroform  on  bodj  function  in, 
106 
on  circulation,  106 
on  respiration,  106 
on  sensorium,  107 
ezcretion  of  chloroform  in,  107 
irritant  action  of  chloroform  in,  compared 

with  ether,  106 
phjsiological  actiou  of  chloroform  in,   106 
Chlumskj^s    solution    as    an    antiseptic    for 
wounds,  160 
for  painting  of  infected  wound  after  am- 

putation,  664 

in  treatment  of  actinomjcosis,  696 

Cholera,  preventive  vaccination  in,  206 

serum  prophylaxis  in,  206 
Chondromata  of  muscles,  622 
Cicatrices,  radium  therapy  of,  765 
Cigarette  drain,  13 
Cireular  plaster  dressings  for  fractures,  710 

application  of,  710,  711 
Circulation,    operations    to    restore    and    re- 
establish,  in  arteries,  259.     8ee 
also  under  Arteries. 
in  veins,  286.     See  also  under  Veins. 
Circumflez  artery,   deep,   ligation  of,  in  con- 
tinuitj,  439 
anatomj  of,  439 
operation  in,  439 
CIamps,  artery,  use  of,  in  operative  technic, 

35 
Clavicle,    fracture    of,    Collins'    dressing   for, 
758-760 
Sayre  dressing  for,  758 
Cleft  palate,  456 

general  eonsiderations  of,  456 
treatment  of,  467 


Cleft  palate,  treatment  of ,  operations  in,  468 
after-treatment  in,  490 
age  at  which  to  operate  in,  467 
anesthesia  in,  469 
Berry  and  Legg  's  method  of ,  470 
Brophy's     method     of,     for     patients 
whose  bones  are  well  ossified  and 
deciduous    teeth    well    erupted, 
478 
Brophy's  osteoplastic  method   of,  for 

infants,  482 
choice  of  method  in,  469 
Davie8-Colley  method  of,  481 
Lane^s  methods  of,  485 

for  broad  cleft  involving  almost  en- 

tire  palate,  487 
for  eztreme  width  of  cleft,  489 
Langenbeck 's  method  of,   as   mbdified 

by  Helbing,  475 
position  of  patient  in,  468 
results  of,  491 

late,  492 
Roberte'  method  of,  490 
varieties  of,  459 

combined  with  bony  labiofissure,  459 
not  complicated  by  labiofissure,  459 
with  displacement  of  premazillarv  bones, 
459 
Clover  crutch,  44 

Club-foot,  plaster-of -Pariš  dressing  for,  751 
Cocain,  habitual  use  of,  170 
cure  of,  171 
sjmptoms  of,  170,  171 
in  local  anesthesia,  49 

for  mucous  membranes,  51 
preparation  of  solution  of,  49,  50 
Coenen'8    sutujre    method    of    treatment    of 

varicose  veins,  324 
Cold,  ezposure  to,  treatment  of  patient  fol- 

lowing,  702 
Colle's  fracture,  724 

moulded  plaster  splints  for,  724,  725 
reduction  of,  724 
Collins'    dressing    for    fracture    of    clavicle, 

758-760 
Colon  bacillus  infections,  vaccine  therapj  of, 

206 
Complement  in  side-chain  theory,  199 
Complement-fization  test  s,  221-223 
Compression  in  treatment  of  aneurysm,  364 
digital,  364 
direct,  364 
elastic,  364 
postural,  364 

temporary,     of    aorta,     in     treatment     of 
aneurysm    of    abdominal    aorta, 
383 
hy      Instruments      through      laparotomy 

wound,  383 
by  metal  bands,  384 
by  tourniquet,  383 
Connell  anesthetometer,  131-134 

apparatus  for  nitrous  ozid,   ozjgen,  ether 
miztures,    for    anesthesia,    117, 
118 
aspirating  bottle,  229 

method  of  administration  of  gases  in  nit- 
rous ozid-ozygen  anesthesia,  121 
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Gonnell,  nasophaiTngeal  tube  for  pharjugea] 
insufflation  in  ether  anesthesia, 
95 
pharjngeal  breathing  tube,  136 
Contusions,  682 

treatment  of,  682 
Contusions  and  lacerations,  treatment  of,  685 
Coolej    and    Vaugban'8    metbod   of    indirect 

blood  transfusion,  312 
Coronoid  process,  fracture  of,  721 
moulded  plaster  splints  for,  722 
Corjza  and  operation,  189 
Cotton  for  dressing  of  wounds,  10 
Cranial  nerves,  disturbances  of ,  564 
eighth,  operative  treatment  for,  600 
eleventh,  operative  treatment  of,  601 
anatom ical  considerations  in,  601 
indications  for,  601 
technic  of,  602 
fifth   (trigeminal),  564 

alcohol   injeetions   in  to   nerVe   trunka  in 
treatment  of,  569 
advantages  of,  569 
anesthesia  in,  570 
contra-indications  for,  570 
disadvantages  of,  569 
instrumenta  for,  570 
results  of,  574 
solution  for,  570 
technic  of  operation  for,  570 
general  considerations  of,  570 
on  inferior  maxillary  nerve,  573 
on  superior  maxillary  nerve,  572 
anatomical  considerations  of,  564 
inferior  maxillar7  division,  565 
ophthalmic  division,  565 
superior  maxillary  division,  565 
indications  for  treatment  of,  565 
intracranial      operation      on      Gasserian 
ganglion  for,  574 
advantages  of,  582 
anatomical  considerations  of,  575 
indications  for,  575 
results  of,  583 
technic  of,  576 

posterior   root   section  hj  infratem- 
poral       route       in        (Gushing 
method),  580 
sensory   root   division   by   antriculo- 
temporal     route      in      (Spiller- 
Frazier  method),  578 
čare  of  eyes  in,  579 
medical  treatment  of,  565 
peripheral  operation  for,  566 
on  inferior  branch,  568 
on  superior  maxillary  branch,  567 
on  supra-orbital  branch,  566 
results  of,  569 
resection  of   nerve   trunks  at  their  ezit 
from  base  of  skull  in  treatment 
of,  569 
aeventh,  operative  treatment  in,  583 
anatomical  considerations  in,  583 
for  facial  paralysis,  586 

anastomosis   of   peripheral   portion   of 
facial  nerve  with  a  neighboring 
motor  nerve,  586 
ohoice  of  motor  nerve  in,  587 

61 


Cranial  nerves,  seventh,  operative  treatment 
in,    for    facial    paralysis,    anas- 
tomosis   of    peripheral    portion 
of  facial  nerve  with  a  neighbor- 
ing motor  nerve,  lesions  causing, 
586 
methods  of,  587 
postoperative  exerci8es  in,  595 
technic  of,  587 

in    facio-hypoglossal    anastomosis, 
588 

(1)  incision,  588 

(2)  isolation  and  section  of  fa- 
cial nerve,  588 

(3)  exposure     of     hypoglotoal 
nerve,  590 

(4)  implantation,   591 

(5)  closure  of  wound,  591 

(6)  postoperative  course,  592 

(7)  results,  592-595 

in  facio-spinal  accessory  anastomo- 
sis, 595 
time  of  operation  in,  586 
for  facial  spasm,  584 
alcohol  injection  in,  585 
section  of  facial  nerve  and  anastomo- 
sis with  a  motor  nerve  in,  585 
for  neyralgia  of  8ensory  portion,  597 
by  division  of  motor  seventh,  pars  in- 
termedia  and  eighth,  597 
results  of,  599 
technic  of,  597 
indications  for,  583 
tenth,  operative  treatment  of,  600 
CrUe^s  method  of  anastomosis  in  direct  blood 

transfusion  with  cannula,  303 
Gripps-Aveling  method  of  blood  transfusion, 

340 
Grof  t 's   granulation    method    in   plastic   sur- 

gery,  453 
Crossing,  nerve,  540 
''Gunningham  bridge''   attachment  on  oper- 

ating  table,  42,  44 
Gurtis  and  David 's  method  of  blood  trans- 
fusion   with    paraffin-coated    re- 
ceptades,  342 
of  indirect  blood  transfusion,  310 
Gupric  sulphate  in  treatment  of  actinomyco- 

sis,  696 
Curvature   of   spine,   lateral,   plaster-of-Paris 

jacket  for,  742 
Gushing  method  of  posterior  root  section  of 
Gasserian    ganglion    by    infra- 
temporal  route,  for  disturbances 
of     fifth     cranial     (trigeminal) 
nerve,  580 
Gutaneous  epitheliomata,  radium  therapy  of, 
766 
indurated,  766 
superficial,  766 

Davie8-Colley  method  of  operation  for  cleft 
palate,  481 

Defibrinated  ))lood,  use  of,  in  blood  trans- 
fusion, 341 

Delbefs  suture  method  of  treatment  of  vari- 
cose  veins,  324 

Delirium  tremens  in  eryBipela8,  160 
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Denjs'  blood  transfusion  operation,  337,  338 
Denjs'  bouillon  filtrate  (B.  F.),  216 
Dermatitis,  X-ray,  treatment  of,  701 
Dermatomyo8iti8,  619 
Desiccation,  electric,  of  vascular  nevi,  329 
Deviation  of  complement,  221-223 
Diabetes  mellitus,  a  contra-indieation  to  op- 
erations,  174 
diet  in,  175 
prognosis  of,  180 
surgical  complications  of,  174 

diabetic    gangrene    in,    amputation    for, 
180-182 
Diabetic  gangrene,  amputation  for,  180-182 
Dieffenbach'8  method  of  correction  of  defects 
of  upper  lip,  503,  504 
of  operation  for  ectropion  of  lower  eyelid, 

517 
of     plastic    restoration    of    ]ower    ejelid, 

519 
of  restoration  of  Iower  lip  in  operation  for 
epithelioma,  Jaesche^s  modifica- 
tion  of ,  502 
Diffuse  syphilitic  mjositis,  621 
Digestive   organs,   preparation   of,   preceding 

operation,  145 
Digital  pressure  to  check  bleeding  in  arteries, 
256 
in  veins,  286 
Dipbtheria,  antitoxin  m,  207 
dosage  in,  207 

protective  immunization  with,  207 
surgical  complications  of,  156 
wound,  treatment  of,  695 
Diphtberia  antitoxin,  in  treatment  of  wound 

dipbtheria,  695 
Dipbtheria  carriers,  vaccine  treatment  of,  207 
Dislocations  at  wri8t,  757 
of  carpal  bones,  758 

in  medioearpal  joint,  758 
of  semilunar  bone,  758 
of  carpometacarpal  joints,  758 
of  lower  radio-ulnar  joint,  757 
backward,  757 
forward,  757 
of  radiocarpal  joint,  757 
back\vard,  757 
forward,  757 
of  ankle  joint,  757 
backward,  757 
forward,  757 
of  clbo\v,  754 

reduetion  of,  754 

aftor-treatment  of,  754 
of  hip,  755 

dorsal    or     posterior,    reduetion    of,    by 
Allis '    method,    756 
by   Bigelou  's  method,   756 
bv  Stimson  *8  method,  755 
inward  or  anterior,  reduetion  of,  by  Allis' 
direct  method,  756 
by  Allis'  indirect  method,  756 
by  Bigelow  's  method,  756,  757 
of  knee  joint,  757 

reduetion  and  immobilization  of,  757 
gf  lower  jaw,  752 
reduetion  of,  752 

af ter-care  in,  752,  753 


Dislocations  of  shouldcr,  753 

reduetion  of,  by  manipulation  (Kocher'8 
method),  753 
by  traction    (Stimson^s  method) ,  753, 

754 
treatment  following,  754 
of  tendons,  623 
of  thumb,  755 
reduetion  of,  755 
Dissecting  forceps,  36 
Dobrowolskaja's  technic  of  end-to-end  arterial 

anastomosis,  271,  272 
Dorrance  mattress   suture,   for   arteries,   261, 
262 
method   of   end-to-end    suture    of    arteries, 
266 
Dorsalis  pedis  artery,   ligation    of,   in   conti- 
nuity,  447 
anatomy  of,  447 
operation  in,  448 
Dowd's  method   of   restoration   of    lower   lip 
in     operation     for     epithelioma, 
501 
Drainage,  cmployment  of,  in  operations,  34 
in  aseptic  surgical  technic,  13 
cigarette  draln  for,  13 
glass  tubes  for,  13 
rubber  tissue  drains  for,  14 
rubber  tubes  for,  13 
Dressing  stations  for  wounded  on  battlefield, 

660 
Dressings,  application  of,  in  operations,  34 
in  aseptic  surgical  technic,  8 
adhesive  plasters  for,  12 
moleskin,  12 
zine  oxid,  12 
bandages  for,  11 
muli,  11 

plaster-of -Pariš,  11 
silieate  of  soda,  12 
cotton,  10 
gauze,  9 

impregnated,  10 
sponges  for,  10 
plaster  -  of  -  Pariš.      See   Plaster  -  of  -  Pariš 
dressings. 
Drugs  in  preparation  of   patient    for   opera- 
tion, 145 
in  treatment  of  wounds  in  blood  infections, 
692 
Dry  heat  treatment  of   patient   in   burns  of 

third  degree,  699 
Dupuytren's  contraeture,  644 
etiology  of,  644 
treatment  of,  645 

palliative  operations  in,  645 
Adams',  645 
Dupuytren  's,  645 
multiple  transverse  division,  645 
radical  operations,  645 
Lexer'8,  646 
longitudinal,  645 
Lotheissen  's,  646 
V-shaped  ineision  in,  646 
Dysentery,  serum  therapy  of,  207 

against  Flexner-narris  tvpe,  208 
against  Shiga  type,  207,  208 
vaccine  therapy  of,  207 
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KaTf   injury   to   tjrapanic    membrane   of,   in 
naval  warfare,  680 
prevention  of,  680 
plastic  operations  of,  504 

for  nialformations  of  auricle,  505 
abnormal  enlargcment  of  ear,  505 
abnormally  small  ears,  505 
for  malformations  of  lobule,  504 
for  malposition  of  auricle,  506 
Kolle'8  metliod  in,  506,  507 
sterilization  of,   in   preparation  for  opera- 
tions, 150 
Kck  fistula  operation,  290 
p]ctropion,    plastic    operation    for    treatment 

of,  517 
KdemsL,  Handley'B  operation  for  establishing 
artificial     channels    for    Ijmph 
(irainage  in,  330 
in  dscites,  332 
in  face,  332 

in  lower  extremitie8,  332 
in  upper  cxtremitic8,  331 
pulnionary,  in  anesthcsia,  137 
Ehrlich,  side-ctiain  theory  of.     8ee  Side-chain 

theory  of  immunitj. 
Elbow,  dislocation  of,  754 
reduction  of,  754 
af ter- treatment  of,  754 
Electric  sliock,  treatment  of,  701 
Electricity,  burns  due  to,  701 
Elliotfs  device  for  prevention  of  rupture  of 
tympanic       membrane       during 
naval  uarfare,  680 
Elsberg^B  cannula  and  technic  in  direct  blood 

transfusion,  305 
Embolic  infection  of  veins,  operations  to  pre- 

vent,  326 
Embolus    in    arteries,    arterial    section    for, 
283 
artcriovenouH  nnastomosis  for  removal  of, 
275.     Sc€  aiso  undcr  Arteries. 
Empliy8ema,  and  operations,  189 
Emphysematous      cellulitis,      treatment      of, 

690 
Empyema,   a  surgical  complication  of   lobar 

pneumonia,  164 
Endarteritis,    arterioveiious    anastomosis    for 
removal  of  obstruction  in,  275. 
Scc  aliso  uiidcr  Arteries. 
Endo  anpurysmorrliaphy  operations,  370 

in  anoiiryHm  of  external  iliac  tract,  391 
Endocarditis,    a    contra-indication    to    opera- 
tion, 190 
Endotoxin8,  action  of,   199 
Enemata,  stimulating,  for  shock,  677 
Enteroptosis,    operation    contra-indicated    in, 

188 
Epigastric  artery,  deep,  ligation  of,  in  con- 
tinuity,  439 
anatomy  of,  439 
operation  in,  439 
Epit!idymiti8,  vaccino  tlierapy  of,  210 
Kpineplirin   as  a<ljuvant  in   local   anesthesia, 

51 
Epitheliomata,  cutaneous,  radium  therapv  of, 
766 
indurated,  766 
snperficial,  766 


Epitheliomata  of   lower   lip,   operations   for, 
495.    See  also  under  Lip,  lower. 
radium  therapy  of,  767 
of  mucous  membrane,  radium  therapj  for, 
766 
Epulis,  radium  therapy  of,  769 
Erb^s    paralysis,    traumatic.      See    Brachial 

plexus  lesions. 
Erysipela8  alba,  160 

Erjsipelas,    compličating    acute    suppurative 
inflammation  of  tendon  sheaths 
of  hand,  642 
contagiousness  of,  159 
contra-indication  to  operations,  158 
Burgical  complications  of,  158 
abscesses,   158 
delirium  tremens,  161 
gangrene  of  skin,  160 
lymphadenitis,  160 
phlebitis,  160 

pneumonia  and  empyema,  160 
treatment  of,  690 
vaccine  and  serum  therapy  of,  208 
Esmarch  bandage  for  limiting  of  hemorrhage 
in  operations,  application  of,  30 
Esmarch-Koleralzig  operation  in  plastic  sur- 

gery  of  the  cheeks,  513 
Esophagus,  diseases  of,  a  contra-indication  to 
operations,  188 
gunshot  wounds  of,  669 
inoperable  cancer  of,  radium  therapj  for, 
769 
Estlander^s   method  of   restoration  of   lower 
lip  in  operation  for  epithelioma, 
502 
Ether,  as  anesthetic.     See  Ether  anesthesia. 
danger  of  ignition  of,  134 
physical  properties  of,  73 
Ether  anesthesia,  72 
administration  of  ether   in,  by  absorption 
by  serous  sur  face,  102 
bj  insufitation,  apparatus  for,  97 
accessories,  99 
air  compressor,  97 
ether  vaporizer,  98 
filter  and  humidor,  97 
intubating  catheter,  98 
safetj  valve,  98 
by  intratracheal  insufitation,  91 

maintenance  of  positive  pressure  in,  94 
phy8iology  of,  91,  92 
technic  of,  92-94 
by  pharyngeal  insufflation,  95 

maintenance  of  positive  pressure  in,  96 
technic  of,  95 
by   subcutaneous  injection   into  muscles, 

102 
general  technic  of,  85 
closed  method  in,  87,  88 
open  method  in,  85 

administration  by  pouring  of  small 
portions    (open    cone    method), 
87 
administration    by    successive    drops 
(d rop  method),  85 
apparatus  for,  85 
in  children,  86 
technic  of,  8$ 
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^f^^^  MfififiihKPiU«  mlmffiiiitration  of  ether  in, 
K^nf^rtil  U^chnic  of,  vapor  meth- 
(u\n  \n,  88 
fir|(fiilv(i  proimuro  roethods  of  vapor 

<lt«nvory,  88,  89 
|U)»ltiv(«  prcMiiure  metbods  of  vapor 
dollverjr,  89 
Apniiratus  for,  89 
t^^hnic  of,  90 
lnlravt»iiou8«  99 
|^KY»ii\%ki|nr  ^U  99 

<^UlWf  wir«^Ma  iMu  tot 

|Wy«y|tvtikt  cviit*4U«WiilWia  of,  78 
«^lwi«  ^^  i^tilvi^  i^M  boib  in,  78,  79 
vJUrltti^lK  ai    i)«iiuvtu»4i  of  anMtbem  in, 

«Mkl^<tt«llH4V4l^  vf  liiMNiUietie  tencion  in, 

)tiHM«\Mm>*Hk  Hi«ii  ulUitv  of  fonea  in,  82 
m^ik^i^  t     Mh^  4i»iK»  of  eonfosion,  82 

^hv  light  iubeonaeioiia  zone, 

h;* 

t    ilH>  »ukKfonieioua  zone,  83 
HMM»    4     Ih0  xoiM»  of  light  aorgieal 

H»4H>   )     I)h>  »on0  of  foll  aneatbeaia, 

H»4«i>  O    U»0  iBono  of  deep  aneatbeaia, 

4iv»4H>  I  ■   Ih4>  fona  of  prof oond  anea- 

Uv«aa,  84 
M>4H>  H;  |h0  iilowlr  lethal  zone,  84 
«uiH»  1» '  IK«)  rapldij  lethal  zone,  84 
»il««ll«>  of  r4H'0vofy  In,  81 
>^vuVa  umni  MA  ailjunctii  of  ether  in,  102 

•  li>A««4{(>  (*f,   103 

q(  Itt>t*li4tllii|,       102 

»i<(.  t>i,  lolloniii^  aneflthoflia,  103 
(JiU.ttiloi  lil,     lol 

u.(  h  it  it.  of,  lor> 

iDmi  «Moii<i,  ior> 

ttU»t'i»4  o<i«),   l()<'t 

i«.* J.iiic  of,    103,   104 
iiU«<<ii«  o^iit  o)iy((fin,   104 
•iM  •iihivaiil  iii  fiitrouM  oxid  anesthesia,  123 

^t.t-i«iit(i  ff,  tiM 
(Mil)' mI   loiMiNi  of,   flrut   nta^e  or  stage  of 
«'oii»mIouh  (iKcitoment  in,   75 
«i.(.ci«(|    iifi«i|o    or    uta^o    of    involuntar^r 

(^««'llrtfiont  in,  75 
Mlini    AlMan    or    uta^o   of    surgical   anes- 

Mii^uhi  tli,  70 
loKith  hImh'*  '"'  Mt'*K'^  0^  overdosage  in, 

l\hU  •♦f«ufM  or  »t««!*  of  rocovcry  in,  78 
(,^,.i'.|i(-M  of  i^lliMr  In,  7^» 
|ih/*iiMl(«>il(  mI  Mcllon  of  othrr  in,  73 

io>'Ml     MMI'«llttMtl(',     73 

(«0   t«Oilv    fomlloii,  71 
00    Itiooil    IHONMIirO,   74 
00    IlOfUl   M«'lloii,  74 


Ether    aneatheaia,    pfcjaulogieal     aetion     of 
ether  in^  on   bodj   fimction,   ou 
reapiration,  74 
on  aenaoriom,  74,  75 
on  f attj  tiaBoea,  75 

on  flkin,  mneona  and  aerooa  sarfaeea,  73 
Ethjl  ehlorid  aneatbeaia,  48,  49,  125 
adminiatration  of  ethjl  ehlorid  in, 
of,  126 
elooed  method  of,  126 
aemi-eipen  method  of,  126 
aa  adjunet  in  ether  aneatbeaia,  105 
period  of  recoverj  in,  126 
pbjBologieal  aetion  of,  125 
on  reapiration,  125 
on  aenaorium,  125 
zonea  in,    126 
Ethjl  ehlorid  group  of  dmga,  127 
Eneain  in  loeal  aneatbeaia,  51 
Eseiaion   method   of   treatment   for 
veina,  320 
of  aevi,  328 
Ezbanation  tbeorj  of  immunitj,  197 
Ezophtbafanie   goiter,   a   contra-indieatžon   to 
opera  tion,  192 
radhim  tberapj  for,  770 
aemm  tberapj  of ,  208 
Eje,  gunahot  woan(ls  of,  668 

atenHzation  of,  in  preparation   for  opera* 
tiona,  150 
Ejelida,  plaatie  surgerj  of,  517 
in  eetropion,  517 

of  lower  lid,  517 
in  reatoration  of  ejelid,  518 

free     graft     implantation      or     Wo]f 

method  in,  520 
gliding  flap  method  in,  518 
Dieffenbach  *8,  519 
Gibaon'8,  519 
Haaner^B,  519 
pedanculated  flap  method   in,  520 

Pace,  edema  of,  Hanillev  *8  operation  for  es 
tablishing  artificial  channela  for 
Ijrmph  drainage  in,  332 
gunahot  woun«ls  of,  due  to  rifle  bullet,  66S 
Facial   paralysis,   disfigurements   due  to,  cnr 
rection  of,  by  plastic  operation, 
514 
leaions  causing,  586 
operative  treatment  for,  586 
anastomosis  of  peripheral  portion  of  fa- 
cial   nerve    wit'u    a    neighboring 
motor  nervc,  586 
choice  of  motor  nerve  in,  587 
methods  of,  587 
technic  of,  587 

in      facio-hjpoglossal      anastomosis, 
587 

(1)  incision,  588 

(2)  isolation  and  aection  of  facial 
nerve,  588 

(3)  expo8ure  of  bjpoglosaal  nerve, 
590 

(4)  implantation,  591 

(5)  closure  of  wound,  591 

(6)  postoperative  courae,  592 

(7)  resultB,  592 
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Facial  paral^sis,  operative  treatment  for,  bj 
facio-spinal  accessorj  anastomo- 
sis,  595 
postoperative  eiercises  in,  595 
tirne  ot  operation  in,  586 
Facial  spasm,  operative  treatment  of,  584 
alcohol   injection   into   trunk   of  seventh 

cranial  nerve  in,  585 
section  of  facial  nerve  and  anastomosis 
with  a  motor  nerve  in,  585 
Faradaic  current  in  nerve  injur7,  ^^^ 
Farcj.    See  Glanders. 
Fasciffi,  643 

Dupuytren*8  contracture  of,  644   ' 
etiology  of,  644 
treatment  of,  645 
palliative  operations  in,  645 
Adams',  645 
Dupuytren^B,  645 
multiple  transverse  division,  645 
radical  operations  in,  645 
Lexer'8,  646 

longitudinal  incision  in,  645 
Lotheissen  's,  646 
V-shaped  incision  in,  646 
transplanting  of  skin  grafts  in,  645 
Injuries  to,  644 
rupture  of,  644 
Fat,  suturing  of,  33 

FauntIeroy'8  modification  of  Brewer'8  tubes 
in  direct  blood  transfusion,  309 
Felt  dressings,  10 

Femoral     artery,     aneury8m     of,     operative 
treatment  of,  393 
ligation  of,  in  continuity,  439 
anatomy  of,  439 
operation  in,  440 

in  common  femoral,  440 

in     superficial     femoral     at    apex    of 

Scarpa'8  triangle,  440 
in  superficial  femoral  in  Hunter^s  ca- 
nal,  441 
Femur,  fractures  of  neck  of,  726 

treatment  of,   by  eitension  and  coun- 
ter  exten8ion  (Hodgen'8  splint), 
726 
application  of  splint  in,  726 
preparation  of  splint  in,  725 
by    reduction    and    retention    (Whit- 
man^s  method),  729 
in  cases  vvith  impaction,  729 
in  cases  \vithout  compaction,  729- 
731 
of  lower  end  of,  733 

epiphy8eal,     plaster-of-Paris     dreroing 

for,  734 
intercondyIoid,    plasterof -Pariš    dress- 

ing  for,  733 
of     either     condyle,     plaster-of-Paris 
dressing  for,  733 
of  shaft  of,  731 

Bučk 's  eitension  with  Volkmann  slid- 

ing  rest  for,  731,  732 
in  young  childrcn,  733 
plaster  spica  in,  733 
long  plaster  spica  for,  731 
reduction  of,  731 
fubtrochanteric,  731 


Femur,  fractures  of,  supracondyIoid,  733 
long  plaster  spica  for,  733 
inoperable  sarcoma  of,  radium  therapy  for, 
769 
Fenestrated   plaster   dressings   for  fractures, 

711 
Ferments,  defensive,  in  body,  225 
diagnostic  value  of,  227 
experimental  observations  in,  227 
in  pregnancy,  226,  227 
metbods  of  determining  presence  of,  227 
dialysation  method,  227 
optical  method,  228 
origin  of,  227 
Fibromata,  of  muscles,  563,  622 
radium  therapy  of,  764 
in  interstitial  variety,  764 
Fibula,   fractures   of,   plaster-of-Paris   dress- 
ings for,  740 
Fibula  and  tibia,  fractures  of ,  736 

plaster-of-Paris  dressings  in  čase  of,  with 
dif¥iculty   in   retaining  of   frag- 
ments  in  position,  737 
with  swelliHg  and  displacement,  736 
without  displacement,  736 
Field   hospitals    for   wounded   on   battlefield, 

661 
Finger,  trigger,  628 

Fingers,  infiltration  anesthesia  for  operations 
on,  60 
perineural    infiltration    anesthesia    of,    63, 
64 
First- aid   packet   for   soldiers   on   battlefield, 

659,  673 
First  aid  to  wounded  on  battlefield,  659 
Fixation  of  complement,  221-223 
Flaps,  gliding,  in  plastic  8urgery,  452 
with  rotation,  453 
method  for  restoration  of  eyelid,  518 
pedunculated,  in  plastic  surgery,  453 
Fiat- f  00 1,      plaster-of-Paris      dressing      for, 

752 
Flexner-Harri8    bacillus.      See   under   Dy8en- 

tery. 
Flexner-Jobling      serum      for      cerebrospinal 

meningitis,  211 
Flies,  bites  of,  treatment  of  wounds  due  to, 

686 
Foerster'8  operation  for  relief  of  spasticity 
in  muscles,  530 
dangers  and  difficulties  of,  533 
indications  for,  533 
results  of,  532 
technic  of,  531 
FoUi,    Francesco,   original    transfusion   appa- 

ratus  of,  337 
Foot,  anesthetization  of,  64 

fracture  of  bones  of,  plaster-of-Paris«  dress- 
ings for,  741 
Forceps,  uso  of,  in  operative  technic,  36 
Forcipressure   to   check  bleeding  in  arteries, 
257 
in  veins,  286 
Fractional  sterilization  in  operative  technic, 

3 
Fractures,  Colle'8,  724 

moulded  plaster  splints  for,  724,  725 
reduction  of,  724 
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Fracturcs  of   bones  due  to  gunshot  woundSy 
664 
infected,  664 
of  bones  of  foot,  plaster-of -Pariš  dressingB 

for,  741 
of  bones  of  hand,  725 

circular  plaster  dressing  for,  725,  726 
of  clavicle,  Collins'  dressing  for,  758-760 

Sayre  dressing  for,  758 
of  coronoid  process,  721 

moulded  splints  for,  722 
of  femur,  of  lower  end,  733 

epiph^seal,     plaster-of-Paris     dressing 

for,  734 
intereondyloid,    plaster-of-Paris    dress- 
ing for,  733 
of     either     condjle,     plaster-of-Paris 
dressing  for,  733 
of  neck,  726 

treatment  of,  by  eztension  and  counter 
extension      (Hodgen^s     splint), 
726 
application  of  splint  in,  726 
preparation  of  splint  in,  725 
by   reduction    and   retenticn    (Wliit- 
man^s  method),  729 
in  cases  with  impaction,  729 
in   cases  without   impaction,   729- 
731 
of  shaft,  731 

Bučk 's  extension  witb  Volkmann  slid- 

ing  rest  for,  731,  732 
in  young  children,  733 
plaster  spica  in,  733 
long  plaster  spica  for,  731 
reduction  of,  731 
subtrochanteric,  731 
supracondyloid,  733 

long  plaster  spica  for,  733 
of   fibula   alone,    plastcr-of-Paris   dressings 

for,  740 
of  hunierus,  of  epipliy8i8  of  upper  end,  714 
plaster-of-Paris   dressing  for,   715 
reduction  of,  714 
of  lower  end,  717 
epiphyscal,  720 
of  external  eondyle,  720 
of  internal  condyle,  719 

moulded  splints  in,  719 
of  internal  epicon<lyle,  719 
supracondyloid,   718 

plaster-of-Paris  dressing  in,  718 
plaster-of-Paris  splints  in,  718,  719 
T-  or  V-shaped,  720 
moulded  splints  in,  720 
of  shaft,  716 

plaster-of-Paris  dressing  for,  716,  717 
reduction  of,  716 
of  surgical  neck,  715 

plaster-of-Paris  dressing  for,  715,  716 
reduction  of,  715 
of   long   bones,    infiltration   anesthesia   for 

reduction  of,  60 
of  olecranon  process,  720 

moulded  plaster  splint  for,  721 
reduction  of,  720 
of  patella,  734 

plaster-of-Paris  dressing  for,  734-736 


Fractures  of  radius,  of  head  and  neck,  722 
moulded  splint  for,  722 
of  shaft,  723 

moulded  plaster  splints  for,  724 
reiluction  of,  723,  724 
of  radius  and  ulna,  722 

moulded  plaster  splints  for,  723 
reduction  of,  722 
of    tibia    alone,    plaster-of-Paris    dressings 

for,  736 
of  tibia  and  fibula,  736 

plaster-of-Paris    dressings    in    cases   of, 
with    difiiculty   in    retaining  of 
fragments  in  position,  737 
with  swelling  and  displacement,  736 
without  displacement,  736 
of  ulna,  of  shaft,  723 

moulded  plaster  splint  for,  723 
reduction  of,  723 
of    vertebrffi,    plaster-of-Paris    jacket    for, 

742,  749 
plaster  dressings  for,  circular,  710 
application  of,  710,  711 
fenestrated,  711 
interrupted,  712 
moulded,  709 

application  of,  710 
preparation  of,  709 
spica  for  hip  in,  712 
application  of,  712,  713 
Potfs,  plaster-of-Paris  dressing  for,  740 
Free    fascial    transplants    ip    treatment    of 
aneurysm   of    abdominal   aorta, 
383 
Free  graft  implantation  method  for  restora- 

tion  of  eyelid,  520 
Free    grafts,    transplantation    of,    in    plastic 

surgery,  454 
Freezing  in  treatment  of  aneurysm,  363 
in  treatment  of  novi,  328 
of  tissucs,  treatment  of,  702 
Freund^s  metho«!  of  blood  transfusion,  340 
Frost  bites,  treatment  of,  702 
Furunculosis,   clironic,     vaccine    therapy    of, 
205 

Gabets,  Robert  des,  transfusion  apparatus  of, 

337 
Gall-bladder  an<l  ducts,  aspiration  in,  during 

operation,  238 
Gamma  ray8  of  radium,  762 
Ganglion  in  tendons,  629 
clinical  nature  of,  629 
treatment  of,  629 
non-operative,  629 
operative,  630 
Gangrene,  complicating  acute  suppurative  in- 
fiammation  of  tendon  aheaths  of 
hand,  642 
diabetic,  amputation  for,  180-182 
of  skin,  complicating  erysipela8,  160 
typhoid,  153,  154 
Gas,  illuminating,  poisoning,  702 
Gaseous  cellulitis,  treatment  of,  690 
Gatch  interrupted  fiow  or  rebreathing  iiietlio<1 
of   administration   of    gaaes   in 
nitrous   oxid-ozTgen   anestliena, 
120 
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Gauze  for  dressing  of  wound8,  9 

impregnated,  10 
Gauze    packin^    to    check   bleeding   in   capil- 
laries,  328 
in  veins,  286 
Gelatin  to  check  bleeding  in  capillaries,  327 
Genito-urinary    tract,    aspiration    in,    during 
operation,  238 
preparation  of,  preceding  operation,  145 
Oer8uny*8  modification  of  Kraškega  operation 

in  plastic  8urgery  of  the  cheek8, 
512 
Oibson^a  pregrafted  flap  method  for  restora- 

tion  of  lower  eyelid,  518 
(ilanders,  diagnosis  of ,  208 
treatment  of,  696 
vaccine  and  serum  therapy  in,  208 
Glass  tubes  for  drainage  of  wound8,  13 
Glottis,  edema  of,  complicating  mump8,  157 
obstruction  of,  to  respiration  in  aneathesia, 
136 
Oluteal    artery,    aneury8m    of.      See    under 
Aneury8m  of  internal  branehes 
of  iliac  artery. 
ligation  of,  in  continuity,  435 
anatomy  of,  435 
operation  in,  436 
Goiter.    See  Thyroid,  diseases  of. 
Go]dthwait'R  framo  for  application  of  plas- 
tor-of -Pariš  jacket  with  patient 
in  dorsal  position,  745,  746 
Gonococcus     infcctions,     complement-fization 
diagnostic  test  in,  208,  209 
vaccine  and  serum  therapy  in,  212 
Gonorrhea,  serum  therapy  of,  210 

vaccine  therapy  of,  209 
Gonorrheal  teno8ynoviti8  of  hand,  640 

treatment  of,  640 
Gout,  a  contra-indioation  to  operations,  184 
Gouty  tophus,  removal  of,  184 
Grafting,  skin.    See  Skin  grafting. 

in  plastic  8urgery,  456 
Grafts,  frce,  implantation  of,  for  restoration 
of  eyelid,  520 
transplantation  of,  in  plastic  8urgery,  454 
Granulation  method  in  plastic  surgery,  453 
Graves'  disease.     See  £xophthalmic  goiter. 
Grenades,  hand,  in  land  warfare,  672 
wound8  produced  by,  651,  672,  673 
treatment  of,  673 
Groin,  inoperable  cancer  of,  radium  therapj 

for,  769 
Gusscnbauer^s  operation  for  cicatricial  mas- 
illary    occlusion    by    autopla8ty, 
513 
Guthrie,    method    of,    in    end-to-end    arterial 
anastomosis,  270 
in  side-to-side  arteriovenous  anastomosis, 
278 
on  general  restoration  in  end-to-end  arterial 
anastomosis,  273 
Gunshot  wound8,  647 

general  treatment  of,  655 
received  in  civil  life,  648 

abdominal,  operation  for,  656 

technic  of,  657 
experiments      witli      various      automatie 
weapon8  in,  649 


Gunshot   wound8    received    in   land    warfare, 
651,  658 
abdominal,  treatment  of,  656,  658 

operative,  656 
due  to  artillery  projectiles,  671 
classification  of  projectiles  in,  671 
nature  of,  673 
treatment  of,  673 
due  to  hand  grenades,  673 

treatment  of,  673 
due  to  rifle  bullets,  661 

lodged  in  or  near  joints,  666 
of  abdominal  viscera,  670 

conservative  treatment  in,  670 
operative  treatment  in,  670 
of  blood-vessels,  663 

recurrent  bleeding  in,  663 
8econdary  hemorrhage  in,  663 
spontaneous  stopping  of  hemorrhage 

in,  663 
treatment  of ,  663 
of  bones,  662 
fractures  in,  664 
infected,  664 
of  esophagus,  669 
of  eitremities,  671 
of  eye,  668 
of  face,  668 
of  head,  666 

infected  and  complicated,  668 
non-penetrating,  666,  667 
penetrating,  667 
removal  of  bullet  in,  667 
of  jaw,  668 
of  joints,  665 
infected,  665 
ankle,  665 
hip-joint,  665,  666 
knee,  665 

upper  extremity,  666 
of  liver,  670 
of  neck,  669 
of  nerves,  662 

treatment  of,  662 
of  organs,  662 
of  soft  tissues,  662 
of  spine,  670 
of  spleen,  670 
of  tendons,  662 

treatment  of,  662 
of  testes,  671 
of  thorax,  669 
of  trachea  and  larynx,  669 
of  urethra,  671 
of  urinary  bladder,  670 
due  to  shells,  673 

treatment  of,  673 
due  to  shrapnel,  673 

treatment  of,  673 
first-aid  packet  for,  659 
from  new  pointed  rifle  bullet,  653 
in  Balkan  war,  654 

Riedinger's  experiments  with,  652-654 
iodin  in  dressing  of ,  655,  659 
laparotomy  in,  mortality  from,  656 
methods   of   giving   aid   to   wounded   on 
battlefield  in,  659 
ambulance  stations,  661 
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Gunshot   wouiid8   received   in    land   warfare, 
methods  of  gmng  aid  to  wound- 
ed    on    battlefield    in,    dressing 
stations,  660 
field  hospitaJs,  661 
regimental  aid,  659 
occlusive  dressing  in,  656 
oxid  of  zine   plaster   for  holding  dress- 

ings  in/  660 
probing  for  bullet  in,  655 
Xray  for  locating  bullet  in,  655 
received  in  naval  warfare,  674 
amputations  in,  677 
treatment  of,  677 
shock  in,  677,  678 
nature  of,  676,  679 
treatment  of,  in  engagement,  675,  678 
conditions  hampering,  674 
following  engagement,  679 
transportation  of  wounded  following,  679 
6wathmey   method   of   merging  nitrous  ozid 
with  ether  anesthesia,  104 

Hacker'8    operation    in    plastic    surgerj    of 

cheeks,  509 
Hagedom'8  method  of  paring  and  sature  in 
correction  of  harelip,  466 
double,  466 

modification  of,  466 
Hahn'8     operation     in     plastic     tmrgerj    of 

cheeks,  509 
Halsted's  aluminum  bands  for  treatment  of 
aneurjsm    of   abdominal   aorta, 
384 
of  common  carotid,  386 
of  eztemal  iliac  tract,  391 
Hand,  anatomj  of,  634 
fracture  of  bones  of,  725 

circular  plaster  dressing  for,  725,  726 
perineural  infiltration  anesthesia  of,  64 
preparation  of,  in  surgieal  technic,  16 
suppurative  discases  of,  637 
tendon    sheaths   of,    acuto    suppurative   in- 
flammation  of,  641 
complications  of,  642 
operative   treatment  of,  anesthetic  in, 
643 
incisions  in,  642 
site  of  original  inoculation  in,  641 
stages  of,  treatment  of,  641 
diseases  of,  639 
gonoeoecal   inflammation  of,  640 

treatment  of,  640 
inflammation  of,  acute,  639 
treatment  of,  639 
chronic,  C39 

plastic  tvpe  of,  639 
treatment  of ,  639 
suppurative  diseases  of,  637 
syphilis  of,  640 
tuberculosis  of,  640 

operative  treatment  of,  641 
Hand  bo\vi  stand,  43 

Han(lley  's    operation    for    establishing    arti- 
ficial  cbannels  for  lymph  drain- 
apo,  330 
in  aacitea,  332 
in  edema  of  faee,  332 


Handley'8    operation    for    establishing    arti 
ficial  channels  for  lymph  drain- 
age  in  edema  of  lower  ertrem 
ities,  332 
of  upper  eitremities,  331 
indications  for,  330 
HareUp,  456 
general  considerations  of,  456 
treatment  of,  460 
age  at  which  to  operate  in,  460 
operations  in,  460 

after-treatment  in,  464 
anesthetic  in,  461 
complications  of,  465 
for  complicated  harelip  with  protrud- 
ing  premaxillary  procesa,  464 
by    excision    of    wedge    from    nasal 

septum,  464 
by  simple  fracture,  464 
for  double  harelip,  464 
for  simple  unilateral  harelip,  461 
for  single  complete  harelip,  463 
Instruments  in,  461 
position  of  patient  in,  461 
results  of,  467 
varieties  of,  457 

bilateral,  complicated,  458 

simple,  458 
median,  457 
unilateral,  simple,  457 

with  fissure  of  bony  parts,  458 
Hasner^s   method   for   plastic   restoration    « 

lower  eyelid,  519 
Hayden  Derby  ejectors  for  aspiration,  230 
Head,  aspiration  in,  during  operations,  236 
postoperative  use  of,  240 
bullet  wounds  of,  666 
non-penetrating,  666,  667 
penetrating,  667 

infected  and  complicated,  668 
removal  of  bullet  in,  667 
infiltration  anesthesia  for  operations  on.  ">') 
Heart,  chronic   valvular   disease   of,   and   op 
eration,  190 
congenital    affections    of,    and    operations 

191 
dilatation  of,  a  contra-indication  to  opera 

tion,  191 
diseases     of,     contra-indicating     operation, 

190 
hypertrophy  of,  a  contra-indication  to  op 

eration,  191 
neuroses  of,  and  operation,  191 
wounds  of,  and  operation,  191 
Heat,  for  sterilization,  3 
Helbing  *s      modification      of      Langenbeck  's 

method  of  uranoplasty,  475 
Hemophilia,  a  contra*indication  to  operation, 

192 
Hemorrhoids,   infiltration   anesthesia   for,   59, 

60 
Hemostasis  in  operative  technic,  28 

blood  transfusion  for  loss  of  blood  in,  30 

bone  bleeding  in,  29 

Chemicals  in,  29 

compression  of  artery  through  intramuscu- 

lar  incision   in.   31 
Esmarch  bandage  in,  application   of,  30 
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Hemostasis  in  operative  technic,  ligating  of 
blood-vessels  in,  29 
ligating  of  blood-vessels  of  pedides  in,  29 
normal  salt  solution  injections  for  Iobs  of 

blood  in,  30 
8equeBtration  anemia  in,  30 
speed  in,  30 
Hernia,  operation  for,  in  obeBit7,  182 
Hemia  cerebri,.  in  bullet  woiindB  of  the  head, 

668 
Hemia   of   muscles,  operative   treatment   of, 

613 
Hesse  and  Schaak'8  Buture  method  of  treat- 
ment of  varicose  veins,  324 
Hewitt'8  method  of  blood  tranBfusion,  339 
Hip,  burssB  about,  difleases  of,  633 

congenital   dislocation    of,    plaster-of-PariB 
spica  for,  749 
application  of,  749 
in  bilateral  caseB,  750 
in  unilateral  cases,  750 
dislocation  of,  755 

dorsal    or    posterior,    reduction    of,    bj 
AlliB'  method,  756 
by  Bige]ow'8  method,  756 
by  Stimson^B  method,  755 
inward    or    anterior,    reduction    of,    by 
AIUb'  direct  method,  756 
by  AIHb'  indirect  method,  756 
by  Bigelow'B  method,  756,  757 
plaster-of-PariB  spica  for,  712 
application  of,  712,  713 
Hip  joint,  infected  woundB  of,  treatment  of, 

665,  666 
Hirudin,    use    of,    as    an    anticoagulant    for 
transfusion  apparatus,  363.    See 
also     Satterlee     and     Hooker'8 
methods  of  indirect  blood  trans- 
fusion with  use  of  paraffin  and 
hirudin. 
Hodgen^s  splint  in  treatment  of  fractures  of 
neck  of  femur,  726 
application  of,  726 
preparation  of,  725 
Hodgkin^s  disease,  operations  and,  191 
radium  therapy  of,  770 
vaccine  therapy  of,  210 
Hoepfner^s  modification  of  Payr's  invagina- 
tion    method    of   end-to-end   ar- 
terial  anastomosis,  264,  272,  273 
Holocain  in  local  anesthesia,  51 
Homets,  stings  of,  treatment  of  wounds  due 

to,  686 
Horsley's  technic  of  end-toend  arterial  anas- 
tomosis,  271 
tension  suture  holder,  271 
Hot  air  in  sterilization,  3 
Hot  water  to  check  bleeding  in  capillaries,  327 
Hotchkiss's   operation   in   plastic   surgery   of 

cheeks,  511 
*  *  Housemaid 's  knee,''  631 
Humerus,  fracture  of  epiphysiB  of  upper  end 
of,  714 
plaster-of- Pariš  dressing  for,  715 
reduction  in,  714 
fracture  of  lovver  end  of,  717 
epiphyseal,  720 
of  extemal  condyle,  720 


HumeniB,  fracture  of  lower  end  of,  of  inter- 
nal  condyle,  719 
moulded  splints  in,  719 
of  intemal  epicondyle,  719 
Bupracondyloid,  718 
plaster-of -Pariš  dressing  in,  718 
plaster-of -Pariš  splints  in,  718,  719 
T-  or  Y-8haped,  720 
moulded  splints  in,  720 
fracture  of  shaft  of,  716 

plaster-of-Paris  dressing  for,  716,  717 
reduction  of,  716 
fracture  of  surgical  neck  of,  715 
plaster-of-Paris  dressing  for,  715,  716 
reduction  of,  715 
Humoral  theory  of  immunity,  197 
Hydatid  disease  of  muscles,  620 
Hydrocarbon  prothesis,  in  treatment  of  facial 
deformities,  515 
preparation  of  paraffin  in,  515 
Byringes  in,  515 
technic  of  operation  in,  516 
treatment  following  operation  in,  516 
Hydrogen  perozid  to  check  bleeding  in  capil- 
laries, 327 
Hydrophobia,  treatment  of  wounds  caused  by 
animals  having,  688.     See  also 
Rabies. 
Hygroma,  631 

treatment  of,  631 
Hyperemia,  production  of,  by  continuous  as- 

piration,  246 
Hyperplasia,  Weigert'8  theory  of,  197 
Hypodermic  syringes,  14 
Hypodermoclysi8  for  shock,  677 

Iliac  arteries,  a'\eury8m  of  external  tract  of, 
operative  treatment  of,  391 
aneurysm  of  internal  branches  of ,  operative 
treatment  of,  392 
extirpation  in,  392,  393 
common,  ligation  of,  in  continuity,  431 
aiiatomy  of,  431 
operation  in,  432 
eztraperitoneal,  433 
transperitoneal,  432 
results  of  operation  in,  434 
ezternal,  ligation  of ,  in  continuity,  438 
anatomy  of,  438 
operation  in,  438 
eztraperitoneal,  438 
transperitoneal,  438 
results  of  operation  in,  438 
internal,  ligation  of,  in  continuity,  434 
anatomy  of,  434 
operation  in,  434 
results  of  operation  in,  435 
Illuminating  gas  poisoning,  702 
Immunity,  195 
acquire<i,  106 
active,  196 
definition  of,  196 
passive,  196 
blood  transfusion  in,  225 
definition  of,  195 
duration  of,  197 
ezhaustion  theory  of,  197 
humoral  theory  of,  197 
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Immnnitjr,  natural,  195 
(lefinition  of,  195 
phagocyte  theory  of,  197 
4iu6-ehain  theory  of  Ehrlich  in,  197 
theories  of,  197 

tirne  require(l  lor  production  of,  197 
to  bacteria,  200 

bacterioljsis  in,  201 
phagocyto8is  in,  200,  201 
to  toxins,  199 

toxin  injected  in   small  quantitie8  confer- 
ring,  199 
Tmpregnated  gauze  for  dressings,  10 
Incision    niethod    of    treatmcnt    of    varicose 

veins,  323 
Incisions  in  operative  technic,  28 
Infection,  surgical,  1 
Hgents  of,  2 

methods   of   prcvention    and   counteraction 
of,  2 
by  fractional  sterilization,  3 
by  germicidal  agenta,  3 
alcohol,  4 

bichiorid  of  mercuiy,  4 
carbolic  acid,  4 
Chemicals,  3 
formaldehid  gas,  5 
iodin,  4 
iodoform,  4 

potassium  permanganate,  4 
heat,  3 
boiling,  3 
cautery,  3 
hot  air,  3 
live  steam,  3 
bj  mechanical  means  of  sterilization,  3 
sources  of ,  2 
Infiltration  ancsthesia,  52 
apparatus  for,  52 
for  celiotomj,  57 
for  hemorrhoids,  59,  60 
for  operations  about  head  and  face,  55 
for  operations  in  tingers,  60 

on   inguinal   and   fenioral   hernia,   hydro- 
eele  of  the  cord,  and  gland  of 
the  groin,  58 
on  kneo,  59,  60 

on  ncck  and  throat,  minor,  56 
on  toes,  60 
for   reduction   of   fractures  of   long  bones, 

60 
for  tlioraeotoniy,  56 
for  thyroid(H'toniy,  56 
for  trachcotoniv,  56 
general  te<'linie  of,  53 
fhto  brachial  plexus,  62 
intraneiiral,  61 
perineural,   6.i 

technic  of,  iVA,  64 
preferred  technic  of,  for  special  groups  of 
operations,   53 
cxten8ive  operations  on  acutely  inflamed 


areas,  55 


major  operations  on   non-inflanied  areas, 

54 
minor  operations  on  inflamed  areas,  53 
minor  operations  on   non- inflamed  areas, 

53 


Influonza,  vaccine  therapj  of,  210 
Infusion,  intravenous,  296 
amount  of  fluid  in,  297 
contra-indications  for,  298 
indications  for,  297 
method  of,  298 
pressure  of  fluid  in,  297 
Bolutions  in,  296 
temperature  of  fluid  in,  297 
tirne  of  infusion  in,  297 
Inguinal    hernia,   infiltration   anesthesia   for, 

57,  58 
Injection  treatment  of  vascular  nevi,  329 
Injuries.     See  under  separate  parts. 

mechanical,  treatment  of,  703 
Innominatc   artery,   aneury8m   of,    treatment 
of,  385 
complications  in,  386 
distal  ligation  in,  386 
wiring  with  electroly8i8  in,  386 
ligation  of,  in  continuity,  403 
anatomy  of,  403 
operation  in,  404 
first  method  of,  404 
second  method  of ,  404 
third  method  of,  404 
results  of  operation  in,  404 
Insect  bites  and  stings,  treatment  of  wound8 

due  to,  686 
Instruments  for  end-to-end  arterial  anastomo- 
sis,  263 
for  operations  on  blood  vessela,  253,  254 
in  operative  technic,  35 
artery  clamps,  35 
forceps,  36 
knives,  35 
probes,  37 
retractors,  37 
scissprs,  35 
in  surgical  technic,  14 
selection  of,  14 
sterilization  of,  15 
Interrupted   plaster    dressings    for    fractures, 

712 
Insufflation,  pharyngeal,  in  artificial  respira- 

tion,  130 
Insufflation   cther   anesthesia,   apparatus  for, 
97 
accessories,  99 
air  compressor,  97 
ether  vaporizer,  98 
filter  and  humidor,  97 
intubating  cathcter,  98 
8afety  val  ve,  98 
intratracheal,    91.      Sce   also    under    Ether 

anesthesia. 
pharyngeal,  95.     See  also  under  Ether  an- 
esthesia. 
Insufflation    nitrous    oxid-oxygen    anesthesia, 

121 
Intestine,    diseases   of,    contra-indicating    op- 
erations,  188 
Intraabdominal     afl'ection8,     aspiration     in, 

during  operation,  238 
Intratracheal  insufflation  method  of  adminis- 
tration  in  ether  anesthesia,  91. 
See  also  under  Ether  anesthesia. 
in  nitrous  oxid-oxygen  anesthesia,  121 
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Intravenous  infusion.     See  Infusion,  intrave- 

nou8. 
Xiitravenou8  injections,  319 

technic  of,  295,  296 
Zntravenous  saline  infusion  for  shock,  677 
Xodin  for  amputations  through  infected  tis- 

sues,  664 
for    dressing   of   gunshot   wound8   in   war- 

fare,  655,  659 
for  skin  sterilization  in  operations,  147 
dangers  of,  148 
drawback8  of,  148 
modifications  of,  148 
precautions  in,  148 
for  treatment  of  shell  woundB,  673 
Irrigating  stand,  43 
Israers    opera  tion     in     plastic     8urger7    of 

cheeks,  508,  509 
Itching  conditions,  radium  therapy  for,  771 

Jackets,  plaster.    See  Plaster-of-Paris  jackets. 

Jaesche^B      modification      of      Dieffenbach'8 

method  of  restoration  of  lower 

lip  in  operation  for  epithelioma, 

502 

Jaundice,    a    contra-indication    to    operation, 

188 
Jaw,  gunshot  wounds  of,  668 
lower,  dislocation  of,  752 
reduction  of,  752 

after-care  in,  752,  753 
Jeger's    clamp    for    isolating    parts    of    two 
blood  vessels  in  side-to-side  an- 
astomosis,  291 
holder    for    Payr*8    rings    for    end-to-end 

anastomosis,  265 
modification  of  Pajr^s  magnesium  cjlinder 
for    end-to-end    anastomosis    of 
deeply  placed  arteries,  265 
suture    method    of    treatment    of    varicose 

vcins,  324 
technic  of  end-to-end  anastomosis  in  veins, 

288 
technic  of  end-to-end  arterial  anastomosis, 

270,  271 
technic  of  end-to-side  anastomosis  in  veins, 

290 
technic  of  end-to-side  arteriovenous  anasto- 
mosis, 277 
tension  suture  holder,  272 
Jochmann's  tuberculins,  216 
Joints,  gunshot  wounds  of,  inflicted,  665 
wounds  caused  by  bullets  lodged  in  or  near, 
666 
Joseph^s  method  of  operation  for  malforma- 
tion  of  the  lobule  of  the  ear,  504 

Kangaroo  tendon  for  suturing,  8 

Keen's    ligation     of     abdominal    aorta    for 

aneurysm,  383 
for  resection  of  cervical  nerves  for  relief 

of  spasmodic  torticoUis,  534 
Kellj  instrument  table,  42,  43 
Keloids,  radium  therapj  of,  765 
Kenyon's  method  for  aspiration  in  treatment 

of  pneumothorax,  241-244 
Keratoses,    senile    and     seborrhoic,     radium 

therapy  of,  764 


Kidney,  diseases  of,  contra-indications  to  op- 
eration, 192 
Kimpton's  method  of  blood  transfusion  with 
paraffin-coated  receptacles,   342 
method  of  indireet  blood  transfusion,  312 
Knee,  burso)  about,  diseases  of,  633 

infiltration    ancsthesia    for    operations    on, 
59,  60 
Knee  joint,  Charcot  's,  resection  in,  in  syphili- 
tic  patients,  173 
dislocation  of,  757 

reduction  and  immobilization  of,  757 
infected  wound8  of,  treatment  of,  665 
Knife,  use  of,  in  operative  technic,  35 
Koch's  baeillen-emulsion  (B.  E.),  215 
old  tuberculin    (O.  T.),  216 
tuberculin  residne  (T.  R.)  or  new  tubercu- 
lin, 216 
Kolle's    method   of    operation   for   abnormal 
enlargement  of  the  auricle,  505 
for  malposition  of  auricle,  506,  507 
Konig's  method  of  ])ariug  and  suture  in  cor- 

rection  of  harelip,  466 
Kraške  's  operation  in  plastic  surgcry  of  the 
cheeks,    (jersuny  *s    modification 
of,  512 
Krogius's    subcutnneous    ligature    for    large 

angiomata  of  scalp,  329 
Kromayer  light  in  treatment  of  **port  wine 

marks,''    330 
Kutner'8  solution  for  infusion,  297 

Lamb's-wool  dreasings,  10 

Lambert,  Alexander,  on  handling  of  patient 

with  dclirium  tremens,  161 
Lambert 's  method  of   treating  delirium   tre- 
mens, 166 
Lamino^,  removal  of.     See  Laminectomy. 
Laminectoniy,  unilatoral,  602 

advantagcs  and  liinitations  of,  608 
anatumical  fcaturos  in,  603 
in<licatioiis  for,  602 
instruiiientH  for,  605 
technic  of,  600 
Lan<lmann '8  tuborculol,  217 
Lanc*8  methods  of  operation  for  cleft  palate, 
485 
for    broad    elcft    involving    almost    entiro 

palate,  487 
for  oxtrem€-  \vidth  of  cleft,  489 
v.   Langenbeck'8    method   of    uranoplasty   as 
modified  by  Helbing,  475 
pedunculated  flap  method  for  plastic  restor- 
ation of  eyelid,  520 
Laparotoniy    for    gunshot    wounds    in    civil 
practice,  656 
in  warfarc,  mortality  from,  656 
Larynx,  diseases  of,  and  anesthetic  in  opera- 
tions, 189 
gunshot  wounda  of,  669 
Leg,   fracturos  of.     See  under  Fractures. 
gunshot  woun<l8  of,  671 
ischemic  contracturc  of  muscles  of,  616 
causes  of,  616 
results  of,  616 
treatment  of,  616-618 
rupture  of  muscles  of,  operative  treatment 
of,  613 
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Lerde'8     operation     in     plastic     surgerj     of 

cheeks,  509-511 
Lespinasse  and  Eiaenstaedt  *8  method  of  end- 
to-end  anastomosis  of  blood-ves- 
sels,  266,  267 
of    side-to-side    arteriovenous    anastomosis, 
278 
Leukemia    a    contra-indication    to    operation, 

191 
Leukocyt€8,  phagocytic  properties  of,  in  im- 

mur.ity,  197 
I^eukoplakia,  radium  therapj  for,  771 
Lexer'8   operation   for   Dupuytren'8   contrac- 
ture,  646 
in  plastic  surgerj  of  cheeks,  509,  514 
Ligation  of  arteriee  in  continuity,  399.     See 
also  under  Arteries. 
force  applied  in,  400 
force  necessarv  to  rupture  coats  in,  401 
indications  for,  399 
instrumcnts  for,  399 
knot  in,  400 

ligature  material  for,  399 
opening  of   sheath   of  vessel   and   passing 

ancury8m  needle  in,  402 
recognition  of  arterj  in,  401 
results  of,  401 
Ligation  in  treatment  of  aneurjsm,  365.    See 
also  under  Aneurysm. 
of  abdominal  aorta,  383 
of  common  carotid,  distal,  386 
double,  386 
proximal,  386 
of  external  iliac  tract,  391 
of  innominate  artery,  386 

distal,  385 
internal  iliac  branches,  392,  393 
of  subclavian  artery,  389 
of  thoracic  aorta,  382 
in  treatment  of  angiomata  of  scalp,  329 
latcral,  in  veins,  to  restore  circulation,  286 
to  eheck  blcoding  in  veins,  286 
Ligation  en  masse  to  check  bleeding  in  capil- 

laries,  328 
Light  ray8,  biirns  due  to,  700 
Lime  and   soda   method  of   skin  sterilization 

for   operations,   149 
Lindemann  's    method    of    blood    transfusion, 
341 
of  indireet  hlood  transfusion,  312-315 
Lip,  lower,  cpitheliomata  of,  operations  for, 
495 
removal  of  epithelioma  in,  495 
removal  of  glands  in,  495 
restoration  of  lip  in,  496 
Do\vd  's  method  of,  501 
Katlandor'8   method   of,   502 
Jaoache'8  modification  of  Dieffen- 

bach  's  method  in,  502 
Malgai^ne'8  method  of,  503 
Moreatin  's  method  of ,  498 

for   very   exten8ive   losa  of  sub- 
stance   of    the    two    lips    and 
i:)art  of  clieek,  500 
S('(Hl]ot's  method  of.  503 
Sviiie'8  method  of,  502 
teehiiic  of  operation  in,  496 
suturiug  in,  497 


Lip,  lower,  epitheliomata  of,  radium  therapv 
of,  767 
operations  for  removal  of  non- maligna  nt 
growths  of,  494 
anesthetic  in,  494 
position  in,  494 
technic  of,  494 

double  triangle  method  in,  495 
plastic  surgery  of,  503 
Lipomata  of  muscles,  622 
Liquid  air  in  freezing  of  nevi,  328 
Liver,    diseases    of,    contra-indicating    opera- 
tions, 188 
gunshot  wounds  of,  670 
Lobar  pneumonia.     See  Pneumonia,  lobar. 
Locke^s  fluid,   for  infusion,   297 
Lockjaw.    See  Tetanus. 
Locomotor  ataxia  and  spasticity,  530 
Lotheissen^s  operation  for  Dupuytren*8  con- 

tracture,  646 
Lower  eztremities,  edema  of,   IIandley*8  op- 
eration    to    establish     artificial 
channels  for  lymph  drainage  in, 
332 
Lower,  Bichard,  blood  transfusion  operation 

of,  337,  338 
Lumbar  puncture  in  cerebrospinal  meningitis, 
210 
in  epidemic  cerebrospinal  meningitis,  157 
Lung,  abscess  of,  a  surgical  complication  of 
lobar  pneumonia,   164 
and  operation,  189 
gangrene  of,  and  operations,  189 
gunshot  wounds  of,  669 

signs  and  symptoms  of,  669 
treatment  in,  669 
Lung-motor  for  artificial  respiration,  131 
Lupus  of  mucous  membrane,  radium  therapy 

for,  770 
Lupus  vulgaris,  radium  therapj  of,  770 
Lymph   node   affectiona,   complicating  scarlet 

fever,  155 
Lymphadenitis  in  ery8ipelaa,   160 
Lymphangiti8  complicating  acute  suppurative 
inflammation  of  tcndon   sheaths 
of  hand,  642 
treatment  of ,  689 
Lymphatic8,  operation  on,  330 

Handley's,      for     establishing     artificial 
channels    for    Ivmph    drainage, 
330 
in  affections  of  face,  332 
in     affections     of     lower     extremities, 

332 
in  affections  of  upper  eitremities,  331 
in  ascites,  332 
indications  for,  330 

Madura  foot,  treatment  of,  697 

Magnesium  sulphate,   subdural  injections  of, 

in  treatment  of  tetanus,  694 
Malgaigne's  method  of  paring  and  suture  in 

correction  cf  harelip,  466 
of  restoration  of  lower  lip  in  operation  for 

epithelioma,  503 
Mallein  in  diagnosis  of  glanders,  208 
Mammary  artery,  internal  ligation  of,  in  con- 

tinuity,  419 
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Mammarj  arterj,  internal  ligation  of,  in  con- 
tinuitj,  anatomy  of,  419 
operation  in,  419,  420 
Mamourian*8   method    of    ezcision    for   va» 

cose  veins,  322 
Markoe  operating  table,  40,  42 
Maatoid  region,  aspiration  during  operation 

in,  237 
Matas   endo-aneury8morrhaphy   and   aneurjB- 
moplastj  operations,   370 
on  use  of  tourniquet  and  elastic  bandage 
to  check  bleeding,  256 
Maxillary      occlusion,      cicatricial,      Gussen- 
bauer  's     autoplastic     operation 
for,  513 
Mayo'8  method  of  ozcision  for  varicose  veins, 

321 
Mc6ride'8  method  of  treating  delirium  tre- 

mens,  167 
McGrath*8   method   of   indirect  blood  trans- 

fu8ion,  315 
Measles,  complications  of,  156 
Median  nervc,  injuries  to,  559 
j  ust  above  elbow,  559 

treatment  of,  559 
j  ust  above  wrist,  559 
Median  and  ulnar  nerves,  injuries  affecting, 

559 
Mediastinum,    aiTections    of,    and    operation, 

190 
Medullary  anesthcsia,  64 
agente  emplojed  in,  67 
apparatuB  for,  66 
limitations  of,  66 
phy8iology  of,  65 
circulation  in,  65 
respiration  in,  65 
skin  in,  66 
uterus  in,  66 
preparation  of  anesthetic  agent  in,  66 
preparation  of  patient  in,  68 
technic  of,  68 
Melopla8ty.     See  Cheeks,  plastic  8urgery  of. 
Meltzer   method   of   intratracheal   insufflation 
in  ether  ancsthesia,  91 
pharyngeal  tubo   for   artificial  respiration, 
130 
Meningitis,  ccrebrospinal.     See  Cerebrospinal 

meningitis. 
Mercury  bichiorid,  for  sterilization  in  aseptic 

surgical  technic,  4 
Mercury  bichiorid  poisoning,  184 
operation  contra-indicated  in,  185 
stripping    of    capsule    of    kidney    in,    184, 

185 
Bymptoms  of,  185 
Metastatic  glands,  eztirpation  of,  767 

in  cancer,  radium  therapy  for,  769 
Metchnikoff,  phagocyte  theory  of,  to  ezplain 

immunity,  197 
MeyerB,   Hans,   theory   of   general  anesthesia 

of,  72 
Michael  *8  elips  for  suturing,  33 
''Miner 's  eibow,'  631 
Mixed  vaccines,  205 
Moleskin  adhesive  plaster,  12 
Moore-Corradi    method    of    wiring    in    treat- 
ment of  aneury8m,  369 


Morestin's   method   of   restoration   of   lower 
lip  in  operation  for  epithelioma, 
498 
for   very    eztensive    loss    of    substance    of 
the  two  lips  and  part  of  cheek, 
500 
Moritz's  method  of  blood  transfusion,  340 
Moro 's  tuberculin  diagnostic  test,  221 
Morphin,  as  adjunct  in  ether  anesthesia,  102 
dosage  of,  103 
habitual  use  of,  168 

contra-indication  to  operations,  168 
symptom8  of,  168 
treatment  of,  169 
Morphin    sulphate,    hypodermic   injection   of, 

for  shock,  677 
Mo8quito  bites,  treatment  of  wound8  due  to, 

686 
Mo88  dressings,  10 

Moulded  plaster  splints  for  fractures,  709 
application  of,  710 
preparation  of,  709 
Mouth,   diseases  of,  contra-indicating  opera- 
tions, 187 
Mouth    obstruction    to    respiration    in    anes- 
thesia, 135 
Mouth    and    pharynx,    aspiration    in,    during 
operation,  237 
postoperative  use  of,  241 
Mouse-toothed  forceps,  36 
Mucous  membranes,  epitheliomata  of,  radium 
therapy  for,  766 
lupus  of,  radium  therapy  for,  770 
Muli  bandages,  11 

Mumps,  surgical  complications  of,  157 
Murphy's  end-to-end  method  of  arteriovenous 
anastomosis,  275 
invagination  methods  of  end-to-end  arterial 
anastomosis,  263,  272 
early  method,  263 
recent  method,  264 
Muscle  fibers,  split,  sutures  for,  32 
Muscle   plasties   in    region   of   cheeks,   Lexer 

method  of,  514 
Muscles,  613 

actinomyco8is  of,  620 
atrophy  of,  615 

treatment  of,  615 
contracture  of,  ischemic,  616 
causes  of,  616 
results  of,  616 
treatment  of,  616-618 
degeneration  of,  615 
treatment  of,  615 
diseases  of,  615 

hemia  of ,  operative  treatment  of,  613 
hydatid  disease  of,  620 
inflammation  of,  618 

treatment  of,  619 
injuries  of,  613 

'  Bubcutaneous  treatment  of ,  613 
of  arm  and  leg,  rupture  of,  operative  treat- 
ment of,  613 
ossification  of,  621 

clinical  forms  of,  621,  622 
etiology  of,  622 
treatment  of,  622 
paralyBis  of,  626 
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Muscles,  paraljsis  of,  dne  to  ischemic  contrac- 
ture  of  distant  muscles,  616 
treatment  of,  617,  618 
transplantation  of  tendons  in  treatment 
of,  627 
rupture  of,  in  arni  and  leg,  operative  treat- 
ment of,  613 
subcutaneous,     operative     treatment    of* 

615 
suture  for,  32 
spasticitj   in,   treatment  of,  528 
by  estraspinal  operations,  529 

alcohol    injections    into    nerves    in, 

529 
nerve  resection  in,  529 
by  intraspinal  operations,  530 
Foer8ter'8  operation  in,  530 
dangers  and  difficulties  of,  533 
indications   for,   533 
results  of,  532 
technic  of,  531 
Bjphilis  of,  620 
trichiniasis  in,  621 
etioIogy  of,  621 
8ymptom8  of,  621 
treatment  of,  621 
tuberculosis  of,  619 
treatment  of,  619 

Beck's   bismuth    subnitrate   and   vase- 

lin  injection  in,  620 
operative,  620 
varieties  of,  619 
tumors  of,  622 
treatment  of,  622 
Mu8Culo8piral  nerve,  injuries  to,  556 
exploration  in,  556 
operative  treatment  of,  557 
progno8i8  of,  556 
Mjositis,  acute  parenchymatou8,  619 
diffuse  syphilitic,  621 
8imple,  618 
suppurative,  618 
Myxomata  of  muscles,  622 

Nasal  obstruction  to  respiration  in  anesthesia, 

135 
Naval  warfare,  wounds  in.     Sec  undcr  Gun- 

shot  \vound8. 
Neck,  gunshot  wouiids  of,  669 

inoperable   cancer   of,    radium   thcrapy   of, 
769 
Ncck   and   throat,    infiltration   anesthesia   for 

minor  operations  on,  56 
Needling  in  treatment  of  aneurvsm,  369.    See 

aha  Aneiiry8m. 
Neoplasms,    malignant,    radium    therapy    for, 

766 
Nephritis,  acute,  contra-indicating  operation, 
192 
chronie,  contra-indicating  operation,   193 
coinplicating  scarlet  fover,  156 
Nephrotoniv   position   in   operations,   42 
Nerve  anastoiiiosis.  'hlH 
Nervo  avulsion,   '}'M] 
Nervo  bridging,  540 

by  nerve  trjnis])lantations,  540 
by  tubulization,  541 
by  use  of  a  veiu,  541 


Nerve  crossing,  540 

Nerve  lesions  in  anesthesia,  141 

prophylaxi8  in,  141,  142 
Nerve  resection  for  relief  of  spasticitj,  529 
Nerve  sheaths,  tumors  of,  563 

treatment  of,  564 
Nerves,  cranial,  disturbances  of,  564 
eighth,  600 

operative   treatment  for,   600 
eleventh,  operative  treatment  of,  601 
anatomical  considerations  in,  601 
indications  of,  601 
technic  of,  602 
fifth  (trigeminal),  564 

alcohol   injections   into   nerve    trunks  in 
treatment  of,  569 
advantages  of,  569 
anesthesia  in,  570 
contra-indications  for,  570 
disadvantages  of,  569 
Instruments  for,  570 
results  of,  574 
Bolution  for,  570 
technic  of  operation  for,  570 
general  considerations  of,  570 
on  inferior  maxillary  nerve,  573 
on  superior  maxillary  nerve,  572 
anatomical  considerations  of,  564 
inferior  maxillary  division,   565 
ophthalmic  division,  565 
superior  maxillary  division,  565 
indications  for  treatment  of,  565 
intracranial  operation  on  Gasserian  gan- 
glion  for,  574 
advantages  of,  582 
anatomical  considerations  of,  575 
indications  for,  575 
results  of,  583 
technic  of,  576 

posterior   root  section  bj   infratem- 
poral  route  in    (Cu^ing  opera- 
tion), 580 
sen8ory    root   division    by    autriculo- 
temporal     route      in      (Spiller- 
Frazier  method),  578 
čare  of  eye8  in,  579 
medical  treatment  for,  565 
peripheral  operation  for,  566 
on  inferior  dental  branch,  568 
on  superior  maxillary  branch,  567 
on  supra-orbital  branch,  566 
results  of ,  569 
resection   of   nerve   trunks  at    their  exit 
from  base  of  skull  in  treatment 
of,  569 
seventh,  operative  treatment  in,  583 
anatomical    considerations    in,    583 
for  facial  paralysis,  586 

anastomosis  of  peripheral  portion  of 
facial  nerve  with  a  neighboring 
motor  nerve,  586 
choice  of  motor  nerve  in,  587 
methods  of,  587 

postoperative  exercises  in,  595 
technic  of,  587 
in  facio-hypoglos8a1  anastomosis. 
587 

(1)  incision,  588 
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^erves,  cranial,  seventh,  opera  ti  ve  treatment 
in,  for  facial  paralysiB,  technic 
of,  in  facio-hypoglo88al  anas- 
tomosis : 

(2)  isolation    and   section   of 
facial  nerve,  588 

(3)  exposure   of  hypoglo8sal 
nerve,  590 

(4)  implantation,  591 

(5)  closure  of  wound,  591 

(6)  postoperative  course,  592 

(7)  results,  592 

in    facio-spinal    accessorj   anas- 
tomosis,   595 
tirne  of  operation  in,  586 
lesions  causing,  586 
for  facial  spasm,  584 
alcohol  injection  in,  585 
section  of  facial  nerve  and  anasto- 
mosis  with  a  motor  nerve  in,  585 
for  neuralgia  of  8en8ory  portion,  597 
by  division  of   motor  seventh,  pars 
intermedia  and  eighth,  597 
results  of,  599 
technic  of,  597 
indications  for,  583 
tenth,  operative  treatment  of ,  600 
Nerves,  gunshot  wounds  of,  662 

treatment  of,  662 
Nerves  of  brachial  plexus,  lesions  of,  545 
below  the  clavicle,  555 
in  adults,  ezploratorj  operation  in,  551 
in  infants,  early  operation  in,  549 
nature  of,  546 
operative  treatment  of,  551 
postoperative  treatment  of,  555 
treatment  for,  preceding  operation,   549 
Nerves,  peripheral,  neuralgias  of,  526 

posterior  root  section  in  treatment  of,  526 
dangers  of,  528 
results  of,  528 
technic  of,  526 
Nerves,  peripheral,  operations  on,  525 
anatom ical  considerations  in,  525 
for  relief  of  neuralgias,  526 
posterior  root  section  in,  526 
dangers  of,  528 
results  of,  528 
technic  of,  526 
for  relief  of  pain,  526 

due  to  traumatism  and  inflammation,  526 
for  relief  of  paraljsis,  535 
general  considerations  in,  542 
nerve  avulsion,  536 
neurectas^r,  536 
neurectomj,  536 
neuroljsis,  542 
neuroplastj,  538 

bone  resection  in,  541 
choice  of  operation  in,  541 
nerve  anastomosis  in,  538 
nerve  bridging  in,  540 

by  nerve  transplantations,  540 
bj  tubulization,  541 
hj  use  of  a  vein,  541 
nerve  crossing  in,  540 
neurorrhaphj,  536 

after-treatment  of,  538 


Nerves,  peripheral,  operations  on,  for  relief 
of  paralysi8,  neurorrhaphj,  gen- 
eral i)rinciple8  of,  537 
lateral  tension  method  of,  537 
secondary,    538 

through-and-through  method  of,  536 
neurotoniy,  536 
for  relief  of  spasmodic  torticollis,  533 
posterior  root  section,  535 
resection  of  cervical  nerves,  534 
for  relief  of  8pa8ticity,  528 
eztraspinal  operations  in,  529 
alcohol  injection  in,  529 
nerve  resection  in,  529 
intraspinal  operations  in,  530 
Foerster^s  operation,  530 

dangers  and  difiiculties  of,  533 
indications  for,  533 
results  of,  532 
technic  of,  531 
for  repair  of  injuries,  542 
causes  of  failure  in,  545 
deformity  and  resulting  paralysi8  in,  544 
in  brachial  plexus,  545 
below  the  clavicle,  555 
in  adults,   exploratory,  551 
in  infants,  early,  549 
nature  of,  546 
operative  technic  in,  551 
postoperative  treatment  in,  555 
treatment  for,  preceding  operation,  549 
in  cauda  equina,  560 

anatomical  considerations  in,  560 
causes  of,  560 
results  of,  561 
treatment  of,  561 
in  great  sciatic  nerve,  562 
in  median  nerve,  559 
j  ust  above  elbow,  559 

treatment  of,  559 
j  ust  above  wrist,  559 
in  median  and  ulnar  nerves,  559 
in  musculospiral  nerve,  556 
expIoration  in,  556 
operative  treatment  of,  557 
prognosis  of,  556 
in  suprascapular  nerve,  555 
in  ulnar  nerve,  557 
at  eIbow,  558 
etiology  of,  558 
symptoms  of,  558 
treatment  in,  558 
j  ust  above  vvrist,  557 
treatment  in,  558 
reaction  of  degeneration  in,  543 
results  of,  545 

return  of  function  following,  545 
for  tumors,  563 
indications  for,  525 
Nerves,  peripheral,   pain   due  to   traumatism 
and  inflammation  of,  526 
medicinal  and  local  treatment  of,  526 
operative  treatment  of,  526 
technic  of,  526 
Nerves,  8upra8('af)ular,  injuries  to,  555 

treatment  of,  555 
Nervous  system,  central  contra-indicating  op- 
erations. 193 
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Neuralgias  of  peripheral  nerves,  526 

posterior   root   section   in   treatment   of, 
526 
dangers  of,  528 
results  of,  528 
technic  of,  526 
of  aenaoTj  portion  of  seventh  nerve,  oper- 
ative  treatment  for,  597 
by  division  of  motor  seventh,  para  in- 
termedia  and  eighth,  597 
results  of,  599 
technic  of,  597 
discussion  of,  598 
radium  therapy  for,  771 
Neurecta8y,  536 
Neurectomy,    536 
Neurofibromata,  563 
Neuroljsis,  542 
Neuromata,  563 
false,  563 

treatment  of,  563,  564 
true,  563 
Neuroplasty,  538 

bone  resection  in,  541 
choice  of  operation  in,  541 
nerve  anastomosis  in,  538 
nerve  bridging  in,  540 

bj  nerve  transplantations,  540 
by  tubulization,  541 
by  use  of  a  vein,  541 
nerve  crossing  in,  540 
Neurorrhaphy,  536 
after-treatment  of,  538 
general  principles  of,  537 
lateral  tension  method  of,  537 
8econdary,  538 

through-and-through   method   of,   536 
Neurotomy,  536 

Nevi,  vascular,  operations  on  capillaries  for 
treatment  of ,  328.     See  also  un- 
dcr  Capillaries. 
New  growth8.    See  Neoplasms. 
Nitrous  oxid  anesthesia,  110 
adjuvants  in,  123 

alkaloidal   narcosis,   124 

technic  of,  124,  125 
ether  anesthesia,  123 

technic  of,  124 
postoperative  narcosis,   125 
administration  of  nitrous  oxid  in,  118 
of  nitrous  oxid-oxygen  mixtures,  118 
advantages  and  limitations  of,  122 
appanitus  for,  115 

for  control  of  gases,  116 
measuring,   117 
non-ineasuring,   116 
for  gas  8upply,  116 
inhaler  in,   115 
general  considcrations  of,  118,  119 
methoda  of  delivery  of,  119 
by  Connell  method,  121 
by  continuous  flow  method    (Booth- 

by),   120 
by  inaufflation,  121 
partial,  121,  122 
by   interriipted    flow   or    rebreathing 
method   (Gatch),  120 
of  nitrous  oxid  undiluted,  118 


Nitrous  ozid  anesthesia,  as  adjunet  in  ether 
anesthesia,  103 
technic  of,  103,  104 
physiological  action  of,  111 

with    nitrous   oxid*oxygen    mizture,    112, 
113 
zones  in,  113-115 
with  undiluted  nitrous  oxid,  111 
overdose  in,  111,  112 
Nitrous   oxid-oxygen   anesthesia,   administra- 
tion of  -gases  in,  118 
general  consideration  of,  118,  119 
methods  of  delivery  in,  119 
by  Connell  method,  121 
by  continuous  flow  method  (Boothbj), 

120 
by  insufflation,  121 
partial,  121,  122 
bj    interrupted     flow    or     rebreathed 
method    (Gatch),   120 
advantages  and  limitations  of,  122 
apparatus  for,  115 

for  control  of  gases,  116 
measuring,  117 
non-measuring,  116 
for  gas  supply,  116 
inhaler,  115 
as  adjunet  in  ether  anesthesia,  104 
physiological  action  of,  112,  113 
zones  in,  113-115 
Noše  and  its  sinuses,  preparation  of,  preeed- 

ing  operation,  145 
Novocain  in  local  anesthesia,  50 
in  spinal  anesthesia,  67 

Oakum  dressings,  10 

Obesity,  contra-indication  to  operation,  182 

operation  for  hemia  in,  182 
0'Day'B  technic  of  end-to-end  arterial  anas- 
tomosis,  272 
Olecranon  bursa,  diseases  of,  633 
Olecranon  process,  frač  ture  of,  720 
moulded  plaster  splint  for,  721 
reduction  of,  720 
Open  wound8.    See  Wounds,  open. 
Opera ting  theater,  37 
cleanliness  in,  39 
fumiture  in,  39-43 

Bentley   Squier'8   portable    table   in,   42, 

43 
hand  bowl  stand  in,  43 
irrigating  stand  in,  43 
Kelly  instrument  table  in,  42,  43 
Markoe  operating  table  in,  40,  42 
light  in,  38 

secondary  rooms,  accessible,  in,  39 
ventilation  in,  39 
Operation,  contra-indications  to,  151 

acute  polyarticular  rheumatism,  184 
affections  of  the  mediastinum,  190 
alcoholism,  164 

surgical   complications   of,    166 
treatment  of,  preceding  operation.  164- 

166 
treatment     of     delirium     tremens     in, 
166 
Lamberfs  method  of,  166 
McBride's  method  of,  167 
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Operation,  contra-indications  to,  anemia,  151, 
191 

chronic  simple,   152 

shock  in,  151 
bichlorid  of  mercury  poisoning,  184 
catarrh,  chronic,  189 
chicken-pox,  154 
cocain,  habitual  use  of,  170 

sjmptoms  of,  170,  171 
congenital  affections  of  the  heart,  191 
coryza,  189 
diabetes  mellitus,  174 

diet  in,  175 

prognosis  of,  180 

surgical  complications  of,  174 

diabetic    gangrene    in,    amputation 
for,  180-182 
diphtheria,  156 
diseases  of  arteries,  191 

of  bladder,  193 

of  bronchi,  189 

of  central  nervous  sjatem,  193 

of  esophaguB,  188 

of  heart,  190 

of  intestine,  188 

of  kidney,  192 

of  larynx,  189 

of  liver,  188 

of  lung,  189 

of  mouth,  187 

of  pancreas,  188 

of  peritoneum,  189 

of  pharynx,  187 

of  pleura,  189,  190 

of  spleen,  192 

of  stomach,  188 

of  Buprarenal  bodies,  192 

of  thjmuB,  192 

of  thyroid,  192 

of  tonsils,  187 
enteroptosis,  188 
epidemic  cerebrospinal  meningitis,  157 

lumbar  puncture  in,  157 
erjsipelaa,  158 

surgical  complications  of,  158 
abscesses,  158 
delirium  tremens,  161 
gangrene  of  skin,  160 
lymphadeniti8,  160 
phlebitis,  160 

piieumonia  and  empjema,  160 
exophthalmic  goiter,   192 
gout,   184 

Hodgkin  's  disease,  191 
leukeinia,   191 
lobar  pneumonia,   163 

surgical   complications  of,   163 
abscess  of  lung,  164 
empvema,  163 
measles,   106 
inum[>H,  I.*!? 
nourosos  of  heart,   191 
ol>o8ity,   182 
opiuiii  and  morphin,  use  of,  168 

svmptorns  of,  16.S 

trojitincnt  of",  1<)9 
poricarditis,   plastic,   190 

\vitli  etfusion,   19U 

52 


Operations,  contra-indications  to,  phosphonis 
poisoning,   185 
pneumonia,  189 
purpura  and  hemophilia,  192 
rickets,  182 
scarlet  fever,   155 

surgical  complications  of,   155 
albuminuria,    156 
arthritis,    156 
Ijmph  node  affections,  155 
nephritis,   156 
otitis  media,  155 
paronychia,  156 
peritonitis,  156 
8curvy,  183 
skin  diseases,   194 
small-pox,  154 

status  lymphaticus,  161,  192 
extemal  appearances  in,  161 
other  characteristics  of,  162 
syphilis,  172 

surgical  compIicatiou.i  of,  173 
treatment  in,  172 
tetanus,  173 
tropical  diseases,   193 
tuberculosis,   186 
anesthetic  to  be  used  in  operations  in, 
186,  187 
typhoid  fever,  152 

surgical  complications  of,  152,  153 
acute  abdominal  conditions  of,  153 
perforation,  153 
tjphoid  gangrene,  153,  154 
typhus  fever,  154 

surgical  complications  of,  154 
whooping-cough,   157 
wounds  of  heart,  191 
preparation  of  patient  for,  143 
men  tal,  143 
physical,  144 
diet  in,  145 

digestive  organs  in,   145 
drugs  in,  145 
ear  sterilization  in,  150 
eye  sterilization  in,  150 
genito-urinary  tract  in,  145 
noše  and  its  sinuses  in,  145 
rectal   sterilization   in,    150 
skin  sterilization  in,  146  et  8eq. 

alcohol-ether-bichlorid      method      in, 
149 
dangers  of,   149 
drawbacks  of,  149 
modifications  of,   149 
prccautions  in,   149 
aseptic  eoating  follouing,   150 
benzin  method  in,  149 
earbon   tetrachlori<i   in,    150 
iodin    method    in,    147 
danj^ers  of,   14S 
(iraubacks   of,    14S 
|>recaiiti«»iis    in.    1  \H 
variations  of.    I  \H 
lirnc  an<l   .s<»'la   iticthocl  in,   149 
picrir   a«'i'l    in.    !.'>() 
tliviMoI    in.    l.')() 
t«'eth   in,    114 
throat  in,   144 
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Operation,   contra-indications  to,  preparation 
of  patient  for,  physical,  vaginal 
sterilization  in,   150 
washing  of  stomaeh  in,  cases  requiring, 
146 
prophylactic  vaccination  preceding,  204 
Operative  teclinic,  27 

bone  operations  in,  31,  32 
closure  of  uounds  in,  32 
Michaers  elips  in,  33 
subcutieular  suture  in,  34 
sutures  in,  32 
drainage  in,  34 
dressings  in,  34 
hemostasis  in,  28 

blood  transfiision  for  loss  of  blood  in,  30 

bone  bleeding  in,  29 

Chemicals  in,  29 

compression  of  artery  through  intramus- 

cular  incision  in,  31 
Esmarch  bandage  in,  application  of,  30 
ligating  of  blood-vessels  in,  29 
ligating  of  blood-vessels  of  pedicles  in, 

29 
normal   salt   solution   injections  for  Iobb 

of  blood  in,  30 
8eque8tration  anemia  in,  30 
speed  in,  30 
incisions  in,  28 
Instruments  in,  35 
artery  clamps,  35 
forceps,  36 
knives,  35 
probes,  37 
retractors,   37 
scissors,  35 
operating  theater  in,  37 
cleanliness  in,  39 
furniture  in,  39-43 

Bentley-Sqiiier 's  portable  table  in,  42, 

43 
hand  bowl  stand  in,  43 
irrigatiiij;  atand  in,  43 
Kclly  inatruniont  table  in,  42,  43 
Markoe  operating  table  in,  40,  42 
light  in,  38 

secondarv  rooms,  aeeessible,  in,  39 
ventilatioii  in,  39 
poaition  and  arrangement  of  patient  in,  43 
celiotoinv   position   in,  40 
nephrotomv  position  in,  42 
Rose  poaition  in,  41,  42,  44 
Trendok'nl)ur^  poaition  in,  41,  42,  44 
apeed  rs.  accuracv  in,  27 
surgeon 's  drcss  in,  44-46 
trauina  to  tisaues  in,  31 
Opiuni,  habitiial   uae  of,   168 

contra-indication   to  operations,   168 
aymptonis  of,   16S 
treatnient  f)f,   169 
Opaonins,  200 

Oamosia,  lo(!al  anesthesia  by,  51 
Ossification   of   ninsclos.     Šce  Muscles,  ossifi- 

cation   of. 
Osteoinvelitia,   vaccine  therapv  of,  210 
Ost4^"oaar('onia,  radiinn  thorapy  in,  769 
Otitis    niedia   cornj)licating   epidemit*   cerebro- 
spinal   meningitis,  157 


Otitis  media,  complicating  measles,  157 

complicating  scarlet  fever,  155 

vaccine  therapy  of,  210 
Otopla8ty.     See  Ear,  plastic  operations  of. 

Pagenstecher 's  thread  for  suturing,  8 
Pain  due  to  traumatism  and  inflammation  of 
peripheral  nerves,  526 
medic inal  and  local  treatment  of,  526 
operative  treatment  of,  526 
technic  of,  526 
Palate,  cleft.    See  Cleft  palate. 
Pancreas,  diseases  of,  and  anesthetie  in  op- 
eration, 188 
Papillomata,  of  ]ower  lip,  operation  for  ex- 
cision  of,  494 
radium  therapy  of,  764 
Paraffin,  use  of ,  as  an  anticoagulant  for  trans- 
fusion  apparatus,  342.    See  aUo 
Satterlee  and  Hooker'8  methods 
of    indirect    blood    tranafusion 
with  use  of  paraffin  and  hirudin. 
Paraly8i8,  anesthesia,  556 

brachial  birth,  £rb  's  typ6  of .    See  Brachial 

plexus  lesions. 
due    to    injuries   of   brachial   plezus,    545. 
See    also    Brachial    pleius    le- 
sions. 
of  cauda  equina,  561 
of  great  sciatic  nerve,  562 
of  median  nerve,  559 
of  median  and  ulnar  nerves,  559 
of  musculospiral  nerve,  556 
of  suprascapular  nerve,  555 
of  ulnar  nerve,  557 
facial.    See  Facial  paralvsis. 
of  muscle  groups  due  to  ischemic  contrac- 
ture  of  distant  muscles,  616 
treatment  of,  617,  618 
of  muscles,  transplantation   of   tendons  in 

treatment  of,  627 
operations  on  peripheral  nerves  for  relief 
of,  535 
general  considerations  in,  542 
nerve  avulsion,  536 
neurectasy,  536 
neurectomy,  536 
neurolysi8,  542 
neuroplasty,  538 

bone  resection  in,  541 
choice  of  operation  in,  541 
nerve  anastomosis  in,  538 
nerve  bridging  in,  540 

by  nerve  transplantations,  540 
by  tubulization,  541 
by  use  of  a  vein,  541 
nerve  crossing  in,  540 
neurorrhaphy,  536 

after-treatment   of,   538 
general  principles  of,  537 
lateral  tension  method  of,  537 
secondary,   538 

through-and-through  method  of,  536 
neurotomy,  536 
Saturday-night,  556 

traumatic,  Erb's.     See  Brachial  plezus  le- 
sions. 
Volkmann^s  ischemic,  559 
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Parkhill'6  method  of  operation  for  abnormal 

enlargement  of  the  auricle,  505 
Paronjchia  complicating  scarlet  fever,  156 
Parotid  gland,  inoperable  sarcoma  of,  radium 

therapy  for,  769 
Pasteur,  eshaustion  theory  of,  to  ezplain  im- 

munitj,  197 
Patella,  fracture  of,  734 

plaster-of-Paris  dressing  for,  734-736 
Payr'8  invagination  method  of  end-to-end  ar- 
terial  anastomosis,  264,  272,  273 
rings  for  end-to-end  anastomosis  of  arter- 
les,  264 
*  *  Peri-arthritis  humeroscapularis, "  632 
Pericarditis,    plastic,    a   contra-indication    to 
operation,  190 
with  effusion,  190 
Peripheral  nerves,  neuralgias  of,  526 
operations  on,  525 
anatomical  considerations  of,  525 
for  relief  of  neuralgias,  526 
posterior  root  section  in,  526 
dangers  of,  528 
results  of,  528 
technic  of,  526 
for  relief  of  pain,  526 

due  to  traumatism  and  inflammation, 
526 
technic  of,  526 
for  relief  of  paraljsis,  535 
general  considerations  in,  542 
nerve  avulsion,  536 
neurectasy,  536 
neurectomj,  536 
neuroljsis,  542 
neuroplastj,  538 

bone  resection  in,  541 
choice  of  operation  in,  541 
nerve  anastomosis  in,  538 
nerve  bridging  in,  540 

by  nerve  transplantations,  540 
by  tubulization,  541 
by  use  of  a  vein,  541 
nerve  crossing  in,  540 
neurorrhaphy,  536 

after-treatment  of,  538 
general  principles  of,  537 
lateral  tension  method  of,  537 
secondary,  538 

through-and-through  method  of,  536 
neurotomy,  536 
for  relief  of  spasmodic  torticollis,  533 
posterior  root  section,  535 
resection  of  cervical  nerves,  534 
for  relief  of  8pasticity,  528 
extraspinal  operations  in,  529 
alcohol  injection  in,  529 
nerve  resection  in,  529 
intraspinal  operations  in,  530 
Foerster^s  operation,  530 

dangers  and  difficulties  of,  533 
indications  for,  533 
results  of,  532 
technic  of,  531 
for  repair  of  injuries,  542 
causes  of  failure  in,  545 
deformity   and   resulting  paraly8iB  in, 
544 


Peripheral  nerves,   neuralgias  of,   operations 
on,    for    repair    of    injuries    in 
brachial  plexu8,  545 
bclow  the  clavicle,  555 
in  adults,  cxploratory,  551 
in  infants,  early,  549 
nature  of,  546 
operative  technic  in,  551 
post-operative   treatmcnt  in,   555 
treatment   for,   preceding   operation, 
549 
in  cauda  equina,  560 

anatomical  considerations  in,  560 
causes  of,  560 
results  of,  561 
treatment  of,  561 
in  great  sciatic  nerve,  562 
in  median  nerve,  559 
j  ust  above  elbow,  559 
j  ust  above  wri8t,  559 
in  median  and  ulnar  nerves,  559 
in  musculospiral  nerve,  556 
exploration  in,  556 
operative  treatment  in,  557 
prognosis  of,  556 
in  suprascapular  nerve,  555 
in  ulnar  nerve,  557 
at  elbow,  558 
j  ust  above  wri8t,  557 
reaction  of  degeneration  in,  543 
results  of,  545 

return  of  function  following.  545 
for  tumors,  563 
indications  for,  525 
pain  due  to  traumatism  and  inflammation 
of,  526 
medicinal  and  local  treatment  of,  526 
operative  treatment  of,  526 
technic  of,  526 
Periosteum,   sutures   for,   32 
Peritoneum,  diseases  of,  operations  in,  189 
Peritonitis  complicating  scarlet  fever,   156 
Peroneal   artery,    ligation   of,   in   continuity, 
445 
anatomy  of,  445 
operation  of,  445 
in  lowcr  third,  445 
in  upper  third,  445 
Phagocyto8i8,  200,  201 
Phagolysi8,  200 

Pharyngeal    insufflation   in   artificial   respira- 
tion,  130 
method   of    administering   ether   for   anes- 
thesia,     95.       Sce     also     undcr 
Ether  anesthesia. 
method  of  administering  nitrous  oxid-oxy- 
gen  mixture  for  anesthesia,  121 
Pharyngeal  obstruction  to  respiration  in  an- 
esthesia, 135 
Pharyngitis,       contra-indicating       operation, 

187 
Pharynx,  aeuto  infectious  phlogmon  of,  con- 
tra-indicating operation,  187 
cancer  of,  radium  tlierapy  for,  767 
diseases    of,    contra-indicating    operations, 

187 
ulceration    of,    contra-indication   to    opera- 
Uon,    187 


804 


INDEX 


Phlebitis  in  erjsipelas,  160 

infective,  operative  treatment  of,   327 
Phlegmon,  aciite  in  ectious  of  pharynx,  con- 
tra-indication   to  opera tion,   187 
Phosphorus  poisoning,  185 
Picric  acid  solution  in  burna  of  second  de- 
gree,  698 
of  third  degree,  699 
in  skin  sterilization  for  operations,  150 
von  Pirquet*8  diagnostic  tuberculin  reaction, 

221 
Pištola,    automatic,    experimenta    in    wound8 
made  by  varioua  type8  of ,  649 
United  States  cavalry,  effect  of,  654 
Plaater,  adhesive,  12 
moleskin,  12 
zine  oxid,  12 
Plaster-of -Pariš  dresaingr,  11,  707 
for  club-foot,  751 
for  CoIIe  's  f racture,  724 

mouldcd  plaster  splints  for,  724,  725 
reduction  in,  724 
for  eongenital   dislocation  of  hip    (spica), 
749 
application  of,  749 
in  bilateral  cases,  750 
in  unilateral  cases,  750 
for  flat-foot,  752 
for  f  racture  of  bones  of  foot,  741 
of  bones  of  hand,  725 

circular  plaster  dressing  for,  725,  726 
of  coronoid  proeess,  721 
of  femur,  lower  end  of,  733 
epiphy8eal,  734 
intercondyloid,   733 
of  either  condyle,  733 
neck  of,  726 

extension    and    counter-extenaion    in 
(Hodgin^s  splint),  726 
application  of,  726 
preparation  of,  725 
reduction    and    retention    in    (Whit- 
nian 's   mcthod),   729 
in  cases  with  impaetion,  729 
in    cases   \vithout  impaetion,    729- 
731 
ahaft  of,  731 

Bučk  's     extcnsion     with     Volkmann 

sliding  rest  in,  731,  732 
in  young  cliildren,  733 
long  plaster  spica  for,  731 
reduction  of,  731 
Bubtrochanteric,  731 
supracondvloid,   733 

long  plaster  spica  in,  733 
of  fibula  alone,  740 

of  humerus,  epiphysis  of  upper  end  of, 
714 
application  of,  715 
reduction   in,   714 
lo\ver  ond  of,  717 
opiplivsoal.   720 
of  extcrna]  condyle,  720 
of  interna)  condvle,   719 

mouUlod   splints   in,   719 
of   int(^riinl   ppicondvlo,   710 
supracoTulvIoid,   718 

plaster  of  Pariš  dressing  in,  718 


Plaster-of-Paria    dreaainga    for    fracture    of 
humerua,   lower   end    of,   supra- 
condyIoid,         plaater  -  of  -  Paria 
aplinta  in,  718,  719 
T-  or  V-ahaped,  720 
moulded  aplinta  in,  720 
shaft  of,  716 

application  of,  716,  717 
reduction  in,  716 
surgical  neck  of,  715 
application  of,  715,  716 
reduction  in,  715 
of  olecranon  proceaa,  720 
application  of,  721 
reduction  in,  720 
of  radiuB,  of  head  and  neck,  722 
ahaft  of,  723 

moulded  plaater  aplinta  for,  724 
reduction  in,  723,  724 
of  radiua  and  ulna,  722 

moulded  plaster  aplinta  for,  723 
reduction  in,  722 
of  tibia  alone,  736 
of  tibia  and  fibula,  736 

in  caaea  with  difficulty  in  retaining  of 
fragmenta  in  poaition,  737 
with     awelling     and     displacement, 

736 
without  diaplacement,  736 
of  patella,  734-736 
of  ulna,  ahaft  of,  723 

moulded  plaater  aplinta  for,  723 
reduction  in,  723 
of  vertebrae,  749 
for  Pott^a  fracture,  740 
general  principlea  in  application  of,  708 
materiala  necea8ary  for,  708 
preparation  for  plaater  work  in,  709 
preparation  of,  707 
removal  of,  713 
removal  of  plaster   from   handa   fol]owing 

application  of,   714 
varieties  of,  709 

circular  plaster  dressinga,  710 

application  of,  710,  711 
feneatrated  plaater  dressinga,  711 
interrupted  plaster  dressinga,   712 
jackets,  742.     See  also  under  Plaater-of- 

Paris  jackets. 
moulded  plaster  splints,  709 
application  of,  710 
preparation  of,  709 
spica  for  hip,  712 

application  of,  712,  713 
Plaster-of -Pariš  jacket«,  742 

application  of,  with  patient  in  doraal  poai- 
tion, 745 
with  patient  in  prone  position,  744 
with  patient  standing,  742-744 
Calot,  747 

removable,  748 
Plastic  surgery,  general  principlea  of,  451 
methods  used  in,  452 
causes  of  failure  in,  456 
gliding  flaps  in,  452 
with  rotation,  453 

granulation  method  in,  45''. 
pedunculated  fiapa  in,  453 
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Plastic  sargerjf  methods  used  in,  sutures  and 
tension  in,  452 
transplantation  of  f ree  graf ts  in,  454 
of  cheekfl,  507.     See  also  under  Cheeks. 
of  clef t  palate,  456.    See  also  Cleft  palate. 
of  ear,  504.    See  also  under  Ear. 
of  harelip,  456.    See  also  Harelip. 
of  lower  lip.    See  under  Lip,  lower. 
of  upper  lip,  503 
skin  grafting  in,  456 
Pleura,  diseases  of ,  and  operations, .  189 
Pleziform  neuromata,  563 
Pneumococcus  infections,   serum  therapj  of, 
212 
vaccine  therapy  of,  212 
Pneumonia,  a  contra-indication  to  operations, 
189 
complicating  ery8ipela8,  160 
lobar,   complicating  measles,   156 

contra-indication    to    operations,    163 
surgical  complications  of,  163 
abscess  of  lung,  164 
empyema^  163 
Pneumothorax,   Kenyon's  method  of   aspira- 

tion  in  treatment  of,  242-244 
Poisoned  weapon8,  treatment  of  woundB  due 

to,  688 
Pol^mjositis  hemorrhagica,  619 
Polyvalent  vaccines,  205 
Popliteal     arterj,     aneurjsm     of,     operative 
treatment  of,  393-395 
ligation    of,    in    continuitj,    anatomj    of, 
441 
operation  in,  442 

in  lower  part  of  popliteal  space,  443 
in  upper  part  of  popliteal  space,  442 
results  of  operation  in,  443 
Popliteal   bursae,    diseases    of,    633 
**Fort    wine    marks,"    Kromayer    light    in 

treatment  of,  330 
Postural   compression    to    check   bleeding   in 
arteries,  255 
in  veins,  286 
Potassium  iodid  in  treatment  of  actinomjco- 

sis,  696 
Potfs  fracture,  plaster-of -Pariš  dressing  for, 

740 
Pregnancj,   defensive   ferments  in   body   in, 

226,  227 
Prepatellar  bursa,  diseases  of,  633 
Pressure  for  production  of  local  anesthesia, 

48 
Pressure  methods,  differential,  in  anesthesia, 
128 
negative   pressure   in   Sauerbruch   chamber 

in,  129 
positive  pressure  by  face  mask  in,  129 
positive  pressure  by  intratracheal  insufSa- 

tion  in,  130 
positive    pressure    by    pharjngeal    insuf9a- 
tion  in,  130 
Probes,  use  of,  in  operative  technic,  37 
I^robing    for    bullet    in    gunshot    wounds    in 

warfare,  655 
l*rophylactic    vaccination.      See   Vaccination, 

prophylactic. 
Prostate,     inoperable     sarcoma    of,     radium 
therapy  for,  769 


Pudic  artery,  internal,  ligation  of,   in  con- 
tinuity,  437 
anatomy  of,  437 
operation  in,  437 
Pulmonary  edema  in  anesthesia,  137 
Pulmotor  for  artificial  respiration,  130 
Pumps  for  aspiration,  in  operative  8urgery, 
229 
ejector,  230 
filter,  230 
first  use  of,  232 
mechanical,  229 
operated  by  fluid  or  vapor,  230 
Purpura,    a    contra-indication    to    operation, 

192 
Purse-string  ligature  for  small  angiomata  of 

scalp,  329 
Putrefactive  infections,  treatment  of,  692 
Pyemia,  treatment  of,  691 
Pyogenic    infections,     wounds    infected    by, 

treatment  of,  689 
Pyorrhea  alveolaris,  vaccine  therapy  of,  211 

Quinin  and  urea  hydrochIorate  in  local  anes- 
thesia, 51 

Babies,  diagnosis  in,  212 
vaccine  &erapy  in,  212 

administration  of  virus  in,  213 
preparation  of  virus  in,  212 
serum  therapy  of,  213 
Badial  artery,  ligation  of,  in  continuity,  425 
anatomy  of,  425 
operation  in,  426 
in  hand,  427 
in  lower  third,  426 
in  upper  third,  426 
in  wrist,  427 
Radio-activity,  nature  of,  761,  762 
Radiocarpal  joint,  dislocation  of,  757 
backward,  757 
forward,  757 
Badio-ulnar  joint,  lower,  dislocation  of,  757 
backward,  757 
fonvard,  757 
Badium,   action  of  rays  of,  on  living   cells, 
763 
activity  of,  761,  762 
Alpha  rays  of,  762 
Beta  rays  of ,  762 
burns  of,  701 
dosage  of,  762 
filtration  of,  762 
Gamma  rays  of,  762 
hi8tory  of,  761 

occurrence  and  production  of,  761 
radiation  of,  761 

therapeutic   use  of,   in   8urgery,   763.     See 
also  under  Radium   therapy. 
Radium  therapy,  dangers  of  eztensive  appli- 
cation  of,  768 
of  angiomata,  765 
of  bla8tomyco8is,  697 
of  cancer,  indications  for,  770 
inoperable,  767 

metastatic    glandular    involvement    in, 

769 
of  breast,  768 
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Radium    therapy,    of    cancer,    inoperable,    of 
cervix,   768 
of  esophagus,  769 
of  groin,  769 
of  neck,  769 
of  rectum,  768 
of  stomach,  769 
of  uterus,  768 

of  or  near  blood-vpssels,  769 
of  or  near  viscora,  769 
of  tongue,   767 
of  tonsil  and  pharynx,  767 
Radium  therapy  of  chronic  uleerations,  771 
of  cicatrices,  765 
of  epitheliomata,  ciitaneous,  766 
indurated^  766 
superficial,   766 
of  lower  lip,  767 
of  mucous  membranes,  766 
of  epulis,  769 

of  exophthalmic  goiter,  770 
of  fibromata,  764 

of  interstitial  variety,  764 
of  Hodgkin's  disease,  770 
of  iuoperable  lesions,  767 
of  keloids,  765 
of  leukoplakia,  771 
of  lupus  of  mueous  membrane,  770 
of  lupus  vulgaris,  770 
of  malignant  nooplasms,  766 
of  neuralgic  and  it<?hing  eonditions,  771 
of  osteosarconia,  inoperable,  769 
of  papillomata,  764 
of  sarcoma,  inoperable,  769 
of  femur,  769 
of  parotid  gland,  769 
of  prostate,  769 
of   tonsil,   769 
of  senile  Jind  seborrlioic  keratoses,  764 
of  tubcrculous  ^lands,  770 
of  tulierculous  nodulca,  770 
of  tubcrculous  sinusos,  770 
of   tubcrculous  ulccra,   770 
of  \varts,   764 

of      X-ray      keratoses      and      ulcerations, 
764 
Radius,  Colle's  fracture  in,  724 

mouldcd  plaster  splints  for,  724,  725 
reciuction  of,  724 
fracture  of  hcad  and  neck  of,  722 

mouldcd  sj)lint  for,  722 
fracture  of  shaft  of,  723 

mouhlcd  plaster  splints  for,  724 
reduction  of,  723,  724 
Radius  and   ulna,   fracture  of,   722 
mouldcd  plaster  sj)lints  for,  723 
reduction  of,  722 
Raynaud's  diseasc,  arteriovenous  anastomosis 
in,  275.     Sce  also  under  Arter- 
ies. 
Receptors  in  side-chain  theory,   198 

o  ver  prodne  tion  of,  198 
Kectuni,  inoperable  cancer  of,  radium  therapy 
for,  7(58 
stcrilization    of,    in    prc[)aration   for   opera- 
tions,    150 
Refrigcration    niclliod   of  production  of  local 
anesthcaia,   48 


Refrigeration  method  of  production   of  local 
anesthesia,  indications  and  limi- 
tations  of,  48 
technic  of,  48 
Regimental   aid    to    wounded    on    battlefield, 

659 
Regional  anesthesia,  by  injection  into  medul- 
lary  canal,  64 
agenta  emplojed  in,  67 
apparatus  for,  66 
limitations  of,  66 
phy8iology  of,  65 
circulation  in,  65 
respiration  in,  65 
skin  in,  66 
utenis  in,  66 
preparation  of  anesthetic  agent  in,  66 
preparation  of  patient  in,  68 
technic  of,  68 
b7  intra-arterial  injection,  70 

technic  of,  70 
by  intraneural  infiltration,  61 
by  intravenous  injection,  69 

technic  of,  70 
by  perineural  infiltration,  63 
technic  of,  63,  64 
Reindfleisch  and  Frieders  spiral  inciaion  for 

varicose  veins,  323 
Renal  arteries,  aneury8m  of,  385 
Respiration,  artificial,  130 

by  intratracheal  insufflation,  130 
by  lung-motor,  131 
by  pharyngeal  insufflation,  130 
by  pulmotor,  130 
obstruction  to,  danger  in  anestheaia,  135 
bronchial,  137 
glottal,  136 
mouth,  135 
nasal,  135 
pharyngea1,  135 
tracheal,  136 
Respiratory  failure  in  anesthesia,  138 
etiology  of,  138 
symptoms  of,  138 
treatment  of,  139 
Retractors,  use  of,  in  operative  technic,  37 
Retropharyngeal  abscess,  anesthetic  in  opera- 

tion  in,  187 
Revedin's  method  of  skin-grafting,  522 
Rheumatic   fever,    acute,   vaccine   and   serum 

treatment  in,  213 
Rheumatism,    acute    polyarticular,    treatment 

of,  184 
Rickets,  treatment  of,  182 
Riedinger's  experiments  with   pointed   bullet 

of  modem  warfare,  652-654 
Rifle  buUets,  military  pointed,  652 
French,  653 
German,  652 

Riedinger^s  experiments  with,  652-654 
wounds  produced  by,  651-653 
in  Balkan  war,  654,  658 
wounds  due  to,  661.     Sce  also  under  Gun- 
shot  wounds. 
Ringer*s  Fluid,  for  infusion,  296 
Ri8ley   and  Irving^s  method   of  blood   trans- 
fusion    with    paraffin-coated    re- 
ceptacles,  342 
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Robert 's  method  of  operation  for  cleft  pal- 

ate,  490 
Rose  position  in  operations,  41,  42,  44 
Rubber  gloves  in  surgical  technic,  17 

putting  on  of,  18 

flterilization  of,  18 

use  of,  arguments  for,  18,  20 
Rubber  tissue  drains,  14 
Rubber  tubes  for  drainage  of  wound8,  13 
von  Ruck'B  tuberculin,  216 

Saline  solution,  norma],  for  infusion,  296 
injections  of ,  for  shock  f ollowing .  hemor- 
rhage,  30 
Salomoni 's  method   of   end-to-end   suture  of 

arteries,  265,  266 
Sarcomata,    inoperable,    radium    therapj    of, 
769 
of  femur,  769 
of  parotid  gland,  769 
of  prostate,  769 
of  tonsil,  769 
of  muscles,  622 
*  *  Saturday-night ' '  paraljrsis,  556 
Satterlee  and  Hooker'8  methods  of  indirect 
blood    transfusion   with   use   of 
paraffin  and  hirudin,  316,  337 
historj  of  transfusion  experiment8  under- 
lying,  337 
defibrinated  blood  in,  341 
early  apparatus  in,  337 
later  apparatus  in,  339 
paraffin  methods  in,  342 
recent  syringe  methods  in,  340 
operation    with    hinidin-coated    pipeta    in, 
353 
prcparation  of  pipets  with  hirudin  coat- 
ing  in,  354 
operation    with    paraffincoated    pipets    in, 
345 
apparatus  in,  346 
instruments  in,  345 
prcparation  of  pipets  with  paraffin  coat- 

ing  in,  352 
tcchnic  of,  347 
theoretical    considerations    and    principles 
underlying,  342 
Sayre  dressing  in  f racture  of  clavicle,  758 
Scarification  in  treatment  of  nevi,  329 
Bcarlatina.    8ee  Scarlet  fever. 
Scarlet  fever,  surgical  complications  of,  155 
albuminuria,  156 
arthritis,  156 

Iymph  node  affections,  155 
nephritis,  156 
otitis  media,  156 
paronychia,  156 
peritonitis,  156 
vaccine  and  serum  therapy  in,  213 
Schwarz  and  McNeil  comp1ement-fixation  test 
for   gonococcus   infections,    208, 
209 
Sciatic    artery,    aneury8m     of.      See    under 
Aneurysm   of  internal  branches 
of  iliac  artery. 
ligation  of,  in  continuity,  437 
anatomy  of,  437 
operation  in,  437 


Sciatic  nerve,  great,  injuries  to,  562 
Scissors,  use  of ,  in  operative  tcchnic,  35 
Scopolamin   as   adjunct   in   ether   anesthesia, 

102 
Scorpions,  treatment  of  wound8  due  to,  687 
Scott^s  blood  transfusion  apparatus,  338 
Scrotal  hernia,  infiltration  anesthesia  for,  58 
Scurvy,  a  contra-indication  to  operations,  183 

treatment  of,  183 
Sčdillot^s  method  of  restoration  of  lower  lip 
in     operation     for    cpithclioma, 
503 
operation   for  repair  of  defects  of  upper 
Up,  503,  504 
Senile     and     seborrhoic     keratoses,     radium 

therapy  of,  764 
Sensitized  vaccines,  204 
Septicemia,  treatment  of,  691 
Septicopyeraia,  treatment  of,  691 
Sequestration  anemia  for  limiting  of  hemor- 

rhage  in  operations,  30 
Serous   membranes,   absorption   of   ether   by, 

102 
Serum  sickness,  223 

methods  of  injections  to  avoid,  224 
symptoms  of,  223 
theory  of,  223,  224 
Serum  therapy,  224 

administration  of  serum  in,  225 
in  anthrax,  695 

in  man,  206 
in  bubonic  plague,  212 
in  cerebrospinal  meningitis,  211 
in  cholera,  prophylactic,  206 
in  diphtheria,  207 

dosage  of  antitoxin  in,  207 
in  dysentery,  207 

against    Flexner-Harri8   type,   208 
against  Shiga  type,  207,  208 
in  ery8ipela8,  208 
in  exophthaImic  goiter,  208 
in  glanders,  208 
in  gonococcal  infections,  212 
in  gonorrhea,  210 
in  pneumococcus  infections,  212 
in  rabies,  213 

in  rheumatic  fever,  acute,  213 
in  scarlet  fever,  213 
in  tetanus,  213 

in  treatment  of  wound8  in  blood  infections, 
692 
Sheaths,  tendon.     See  Tendon  sheaths. 
Shells  in  lan  d  warfare,  structure  of,  671 
ivounds  produced  by,  673 
first-aid  packet  for,  673 
treatment  of,  673 
Shiga  bacillu8.     See  under  Dy8entery. 
Shock,    following    hemorrhagc,    blood    trans- 
fusion  for,  30 
normal  aaline  sohition  injections  for,  30 
from    sovorc    wounds,    treatniont    of,    667, 

fins 

in  operations  comj>lieato(I  by  anemia,  151 
surgical,  in  anesthesia,    140 
etiology  of,  140 
treatment  of,  141 
Shot  in  land  wnrfare,  structure  of,  671 
Shot,  čase,  in  land  warfare,  structure  of,  671 
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Shoulder,   dislocation   of,   753 

reduction    of,   by    manipulation    (Kocher'8 
method),  753 
by  traction  (Stiinson*s  method),  753,  754 
treatment  followingy  754 
Shrapnel  in  land  warfarey  671 
stnicture  of,  672 
wound8  produced  by,  673 
treatment  of,  673 
Side-chain  theorjr  of  immunitjr,  197 

amboceptor    and    complement    combination 

in,  199 
antibodies  in,  198 
body  celi  in,  197 

Chemical  nature  of,  198 
functions  of,  197 
nutritive,  197 
physioIogical,  197 
side  chains,  haptines  or  receptors  in,  198 

(1)  antitoxin  molecule  in,  198 

(2)  agglutinin  in,  199 

(3)  amboceptor  in,  198 
complement  in,  199 

haptophore  group  in,  199 
zjmophore  group  in,  199 
overproduction  of  receptors^  in,  198 
toxin  molecule  in,  198 
haptophore  group  in,  198 
toxophore  group  in,  198 
Silicate  of  soda  bandages,  12 
Silk  for  suturing,  8 
Silkworm-gut  for  suturing,  8 
Silver  wire  for  suturing,  8 
Skin,    diseases    of,    contra-indicating    opera- 
tions,  193 
gangrene  of,  complicating  erjsipelas,  160 
sterilization  of,  for  operations,  146  et  seg, 
alcohol-ether-bichlorid  method  in,  149 
dangers  of,  149 
draubaeks  of,   149 
modifications  of,  149 
precautions  in,  149 
aseptic  coating  following,  150 
bcnzin  metliod  in,  149 
carhon  tetrachlorid  in,  150 
iodin  method  in,  147 
dangers  of,  148 
drawback8  of,  148 
modifications  of,  148 
precautions  in.  148 
lime  and  soda  method  in,  149 
picric  acid  in,  150 
thymol  in,   150 
Skin-grafting,  520 

in  plastic  surgcry,  456 

Instruments  for,  520 

preparation   of   surface  from  which  grafts 

are  to  be  cut  in,  520 
preparation   of    surface   to   be   grafted   in, 

521 
Rovedin  's  method  of,  522 
technic  of  oporation  in,  521 
Wolf's  method  of,  522 
\Voodburv  's  method  of ,  522 
Skin   grafts,    transplanting  of,   in   operations 
for      Dupuvtren  's      contracture, 
645 
Small-pox,  surgical  complications  of,  154 


Sinoler'8    clamp    in    treatment    of    common 

carotid  aneury8m,  387 
Snake  bites,  treatment  of ,  687 
constitutional  treatment,  687 
local  measures,  687 
Sodium  bicarbonate  for  bums,  698 
Soft  tissues,  gunshot  wound8  of ,  662 
Spasm,  facial.     See  Facial  spasnu 
Spasmodic  torticollis,  operative  treatment  in, 
533 
posterior  root  section  in,  535 
resection  of  cervical  nerves  in,  534 
Spa8tioity  and  locomotor  atazia,  530 
Spa8ticity   in   muacles,    temporarj    relief   of, 
by  intraspinal  injection  of  local 
anesthetic,  530 
treatment  of,  528 
by  eztraapinal  operations,  529 

alcohol  injection  into  nerves  in,  529 
nenre  resection  in,  529 
by  intraspinal  operations,  530 
Foerster^s  operation  in,  530 
dangers  and  difficulties  of,  533 
indications  for,  533 
results  of,  532 
technic  of,  531 
Spengler's  tuberculins,  217 
Spica,  plaster-of-Paris,  for  congenital   dislo- 
cation  of  hip,  749 
application  of,  749 
in  bilateral  cases,  750 
in  unilateral  cases,  750 
for  hip,  712,  726 

application  of,  712,  713 
Spiders,  treatment  of  wound8  dne  to,  687 
Spiller-Frazier    method    of    sensorj    root    di- 
vision  of  Gasserian  ganglion,  by 
antriculotemporal  route,  for  dis- 
turbances  of  fifth    (trigeminal) 
cranial  nerve,  578 
Spinal  anesthesia,  64 
agents  employed  in,  67 
apparatus    for,    66 
limitations  of,  66 
phy8iology  of,  65 
circulation  in,  65 
respiration  in,  65 
skin  in,  66 
uterus  in,  66 
preparation  of  anesthetic  agent  in,  66 
preparation  of  patient  in,  68 
technic  of,  68 
Spinal  cord,  aspiration  in,  during  operation, 

237 
Spine,  gunshot  wounds  of,  670 

lateral  curvature  of,  plaster-of-Paris  jacket 

for,  742 
tuberculosis  of,  plaster-of-Paris  jacket  for, 
742 
Spitz  bullets,  in  modem  warfare,  652 
Riedinger'8  experiments  with,  652-654 
wounds  produced  bv,  653 
in  Balkan  war,  654,  658 
Spleen,  diseases  of,  and  operations,  192 

gunshot  wound8  of,  670 
Splints,  moulded  plaster,  for  fractures,  709 
application  of,  710 
preparation  of,  709 
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Sponges  for  dreRsing  of  wound8,  10 
Sprengel   pump,    130 
Htandardization  of  vaccines,  203 
Status  lymphaticu8,  a  contra-indication  to  op- 
erations,  161,  192 
esternal  appearances  in,   161 
other  characteristics  of,  162 
Steam,  livc,  in  sterilization,  3 
Steam  sterilizer,  22-25 
Sterilization,  autoclave  in,  22-25 
bj  germicidal  agenta,  3 
Chemicals,  3 
alcohol,  4 

bichlorid  of  mercurj,  4 
carbolic  acid,  4 
formaIdehyd  gas,  5 
iodin,  4 
iodoform,  4 

potassium  permanganate,  4 
heat,  3 
boiling,  3 
cautery,  3 
hot  air,  3 
live  steam,  3 
by  mechanical  means  in  surgical  technic,  3 
fractional,  in  operative  technic,  3 
of  dressings,  8 
cotton,  10 
gauze,  9 
of  hands  in  surgical  technic,  17 
of  instrumenta,  15 
of  rubber  gloves,  18 
of  skin  of  patient  in  surgical  operations, 

21 
of  suture  material,  25 
aluminum  alloj,  8 
catgut,  6 

chromic  method  of,  7 
cumol  method  of ,  6 
iodin  method  of,  7 
kangaroo  tendon,  8 
Pagenstecher  's    thread,    8 
silk,  8 

si]kworm-gut,  8 
si  Iver  wire,  8 
of  water,  25 
Sterilizer,  for  water,  25 

steam,  22-25 
Stewart*s  clamp  for  isolating  portion  of  lu- 

men  of  blood-vessel,  261 
Stock  vaccines,  204,  205 

Stokcs'  apparatus  for  transporting  wounded 

from  warships,  679 

shell    wound    dressing    in    naval    warfare, 

673 

Stomach,  aspiration  in,  during  operation,  238 

diseases    of,    contra-indicating    operations, 

188 
inoperable  cancer  of,  radium  therapj  for, 

769 
washing  of,  preceding  operation,  cases  re- 
quiring,  146 
Stovain  for  local  anesthesia,  51 

for  spina!  anesthesia,  67 
8trychnin  sulphate,  hjpodermic  injections  of, 

lor  shock,  677 
Subciavian  artery,  aneurysm  of,  389 
medical  treatment  of,  389 


Subclavian    arterj,    aneurjsm    of,    operative 
treatment  of,  389 
ligation  in,  389 
ligation  of,  in  continuitj,  413 
anatomj  of,  413 
operation  in  first  portion  of,  415 

results  of,  416 
operation  in  third  or  second  portion  of, 
417 
results  of,  418 
Subcutaneous  wound8,  682 

treatment  of,  682 
Subdeltoid  bursa,  632 

acute  inflammation  of,  632 

treatment  of,  632 
tuberculosis  of,  632 
treatment  of,  632 
Suction  in  operative  surgerj,  229 
contlnuous,  advantages  of,  235 

application  of,  during  operation,  236 
for  production  of  hyperemia,  246 
in  abdomen,  237,  238 
in  gall-bladder  and  ducts,  238 
in  genito-urinarj  tract,  238 
in  head,  236 

in  intra-abdominal  conditions,  238 
in  mastoid  region,  237 
in  mouth  and  pharjnz,  237 
in  spinal  cord,  237 
in  stomach,  238 
in  thorax,  237 
postoperative,  239 

apparatus  for,  239,  240 

in  abdomen,  244 

in  head,  240 

in  mouth  and  pharynx,  241 

in  thorax,  241 

Kenyon's  method  of,  242-244 
producing  of,  229 

čare  and  cleaning  of  apparatus  in,  232 
connections   between    suction   pump   and 

wound  in,  232 
first  use  of  pumps  in,  232 
in  private  houses,  231 
pumps  in,  229 
ejector,  230 
filter,  230 
mechanical,  229 

operated  by  fluid  or  vapor,  230 
tips  or  nozzies  in,  232 
double  tube,  233 
for  mouth  and  pharynx,  235 
for  use  as  retractors,  235 
single  tube,  232  j. 

Sunburn,  700 

Supra-orbital    artery,    ligation   of,    in    conti- 
nuity,  413 
anatomy  of,  413 
operation  in,  413 
Suprarenal   glands,    diseases   of,   and   opera- 
tions, 192 
Suprascapular  ncrve,  injuries  to,  555 

treatment  of,  555 
Surgeon^s  dross  in  operations,  44-46 
Surgical  anesthesia,  47 
general  naturc  of,  47 
local,  nature  of,  47 
Surgical  infection.     8ee  Infection,  surgical. 
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Surgical  shock  in  anesthesia,  140 
etiology  of,  140 
treatment  of,  141 
Surgical  technic,  aseptic.    See  Aseptdc  surgi- 
cal teclmic. 
Suture,      intrasaccular,      in      treatment      of 
aneur^sm   of    abdominal   aorta, 
384 
lateral  parietal,  plication  of  aorta  by,  in 
treatment   of   aneury8m  of   ab- 
dominal aorta,  385 
subcuticular,  34 
Suture  material,  5 
aluminum  allojs,  8 
catgut,  6 

preparation  of,  6 

by  chromic  acid  method,  7 
by  cumol  method,  6 
by  iodin  method,  7 
kangaroo  tendon,  8 
Michael  's  ciamps,  33 
Pagenstecher 's  thread,  8 
slik,  8 

8ilkworm-gut,  8 
silver  wire,  8 
Suture    method    of    treatment    for    varicose 

veins,  324 
Sutures  and  tension,  in  plastic  8urgery,  452 
Su  tur  ing   of   arteries   to   restore   circulation, 
259 
of  veins  to  restore  circulation,  287 
Syme's  method  of  restoration  of  lower  lip  in 

operation  for  epithelioma,  502 
8yphili8,  aneury8m  and,  173 

contra-indicating  operations,  172 
surgical  complications  of,  173 
treatment  in,  172 
of  muscies,  620 
treatment  of,  696 
Syphilitic  myoaiti8,  diffuse,  621 
Syphilitic  tenosjnovitis  of  hand,  640 
Syringe8,  aspirating,  14 

hypoderniie,  14 
Szynianowski 's   operation    for   repair   of   de- 
fects  of  upper  lip,  503,  504 

Tabetics,  perforative  appendicitis  in,  173 
Tarantulas,    treatment    of    vounds    due    to, 

687 
Taylor  's  koypliotonc,  744 
Teeth,    preparatioii    of,    preceding   operation, 

144 
Tendon  shcatha,  diseases  of,  639 
of  hand,  634 

acute  inflammation  of,  639 

treatment  of,   639 
acute  suppurative  inflammation  of,  641 
operative   treatment   of,   anesthetic   in, 
643 
incisions  in,  642 
site  of  original  inoculation  in,  641 
stages  of,  treatment  of,  641 
anatoniical    considerations   of,    634 
chronic    inflammation   of,  639 
plastic  tvpe  of,  639 
treatment  of,  639 
complications  of,  642 
diseases  of,  639 


Tendon  sheaths,  diseases  of,  of  hand,  gonococ- 
csd  inflammation  of,  640 
treatment  of,  640 
suppurative  diseases  of,  637 
8yphilis  of,  640 
tuberculosis  of,  640 
operative  treatment  of,  640,  641 
Tendons,  622 

dislocation  of,  623 
treatment  of,  623 
conservative,  623 
operative,  623 
gan^lion  in,  629 

clinical  nature  of,  629 
treatment  of,  629 
non-operative,  629 
operative,  630 
gunshot  wounds  of,  662 

treatment  of,  662 
injuries  to,  622 

subcutaneous,  622 
lengthening  of,  by  tenotomy,  627 
rupture  of,  623 

treatment  of,  623 
shortening  of,  628 
structure  of,  622 

tenotomy  for  lengthening  of,  627 
thickening  and  nodulation  of,  628 

treatment  of,  628 
transplantation  of,  626 

foreign  substances  used  in,  627 
wounds  of,  623 
nature  of,  623 
treatment  of,  624 

after-care  following  suture  in,  026 
primary  suture  in,  624 
8econdary  suture  in,  626 
Tenosynovitis,  chronic,  639 
plastic  type  of,  639 
treatment  of,  639 
crepitans,  639 
of  hand,  acute,  639 
treatment  of ,  639 
gonorrheal,  640 

treatment  of,  640 
syphilitic,  640 
tuberculous,  640 

operative  treatment  of,  640,  641 
Tenotomy,  627 

for  lengthening  of  tendons,  627 
Testes,  gunshot  wounds  of,  671 
Tetanus,  causes  of,  173 
treatment  of,  173 
prophyIactic  use  of  antitoxin  in,  213 

administration  of,  214 
treatment  of,  693 

by  tetanus  antitoxin  injections,  693 
intracerebral,  694 
intraneural,  694 

intraspinal  and  intravenous,  693 
carbolic  acid  in,  694 
chloretone  in,  694 
local,  for  suspicious  wounds,  695 
magnesium    sulphate   by   suh<iural    injec- 
tions in,  694 
Tetanus    antitoxin,    in    powdered    form,    for 
tetanus  wounds,  695 
in  treatment  of  tetanus,  693 
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Tetanus  antitozin,  in  treatment  of  tetanus, 
by  intracerebral  injections,  694 
hj    intraneural  injections,  694 
by    intraspinal    and    intravenous    injec- 
tions,  693 
prophyIactic  use  of,  against  tetanus,  213 
administration  of,  214 
Theater,   operating.     8ee  Operating  theater. 
Thoracic  aneury8m,  379 

free  fascial  transplants  in,  385 

ligature  of  thoracic  aorta  in  treatment  of, 

382 
plication  bj  lateral  parietal  suture  in,  385 
stripa  of  aorta  used  in,  385 
>viring  with  electroIysis  for  saccular  form 
of,  380 
complications  in,  381 
results  of,  381 
Thorax,  aspiration  in,  during  operation,  237 
postoperative  use  of,  241 

Kenyon'8  method  of,  242-244 
gunshot  wounds  of,  669 
Throat,  preparation  of,  preceding  operation, 

144 
Th rombi,  venous,  opera tions  to  prevent  infec- 

tion  irom,  326 
Thrombo-arteritis,   arteriovenous  anastomosis 
for   removal  of  obstruction   in, 
275.     See  also  under  Arteries. 
Thrombosis,   in   arteries,   arterial  section  in, 

283,  285 
Thumb,  dislocation  of,  755 

reduetion  of,  755 
Thjmol  in  skin  sterilization  for  operations, 

150 
Thymu8,  diseases  of,  and  operations,  192 
Thjroid,  diseases  of,  and  operation,  192 
Thyroidectomy,    infiltration    anesthesia    for, 

56 
Tibia,  fractures  of,  plaster-of -Pariš  dressings 

for,  736 
Tibia  and  fibula,  fractures  of,  736 

plaster-of -Pariš  dressings  in  cases  of,  with 
difficulty  in  retaining  of  frag- 
ments  in  position,  737 
with  8welling  and  displacement,  736 
without  displacement,  736 
Tibial  artery,   anterior,   ligation  of,  in  con- 
tinuity,  445 
anatomy  of,  445 
0(>eration  in,  446 
in  lower  third,  447 
in  upper  third,  446 
posterior,  ligation  of,  in  continuity,  443 
anatomy  of,  443 
operation  in,  444 

behind  the  medial  malleolus,  444 
in  middle  of  leg,  444 
Tic  doloureux,  intracranial  operation  on  Gas- 
serian  ganglion  of  fifth  cranial 
nerve  for,  574 
advantages  of,  582 
anatom  ical  considerations  in,  575 
indications  for,  575 
results  of,  583 
technic  of,  576 

posterior  root  section  by  infratemporal 
route  in  (Cushing  metiiod),  580 


Tic  do]oureux,intracranial  operation  on  Gas- 
serian  ganglion  of  fifth  cranial 
nerve  for,  technic  of,  sensory 
root  division  by  auriculotem- 
poral  route  in  (Spiller-Frazier 
method),  578 
čare  of  eyes  in,  579 
Ticks,  bites  of,  treatment  of  wound8  due  to, 

686 
Tinnitus  aurium,  treatment  of,  by  operation 

on  eighth  cranial  nerve,  600 
Tissues,  trauma  to,  in  operations,  31 
Toes,   infiltration    anesthesia   for   operations 

on,  60 
Tcngue,  cancer  of,  radium  therapy  for,  767 
Tonsil,  cancer  of,  radium  therapy  for,  767 
diseases  of,  a  contra-indication  to  opera- 
tions, 187 
inoperable  sarcoma  of,  radium  therapj  for, 
769 
Torrey's  antigonococcic  serum,  210 
Torsion  to  check  bleeding  in  veins,  286 
Torticollis,  spasmodic,  operative  treatment  of, 
533 
posterior  root  section  in,  535 
resection  of  cervical  nerves  in,  534 
Tourniquet  to  check  bleeding  in  arteries,  256 
elastic,  256 

massage  and  elevation  in  use  of,  256,  257 
pneumatic  constrietor  as,   257 
Toxin  molecule  in  side-chain  theory,  198 
Toxin-antitoxin  compound,  200 
Chemical  nature  of,  200 
effect  of  heat  on,  200 
Toxins,  bacterial,  extracellular,  199 
intracellular,  199 
immunity  to,  199 
Toxoid,  definition  of,  200 
Trachea  and  larynx,  gunshot  wound8  of,  669 
Tracheal  obstruction  to  respiration  in  anes- 
thesia, 136 
Tracheotomy,  infiltration  anesthesia  for,  56 
Transfusion  of  blood.    See  Blood  transfusion. 

for  immunization,  225 
Transplantations,  nerve,  in  nerve  bridging,  540 
of  arteries,  285 
of  tendons,  626 

foreign  substances  used  in,  627 
of  veins  for  drainage  of  cavities,  ete.,  295 
to  reestablish  circulation,  291 
materials  in,  291 
methods  in,  291 
operative  technic  in,  293 
results  in,  293-295 
in  animals,  295 
Trendelenburg  method  of  exci8ion  for  vari- 

cose  veins,  321 
Trendelenburg  position  in  operations,  41,  42, 

44 
Trichiniasis,  621 
etiology  of,  621 
symptoms  of,  621 
treatment  of,  621 
Trigeminal  nerve.     See  Cranial  nerves,  dis- 

turbances  of,  fifth. 
Trigger  finger,  628 
Tropacocain  in  local  anesthesia,  51 
in  spinal  anesthesia,  67 
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Tropical  diseases,  a  contra-indication  to  op- 

eration,  193 
Trowel  retractor  of  Child,  37 
Tubercle,  anatomical,  treatment  of,  696 
Tubercula  dolorosa,  563 
Tuberculin.     See  Tuberculin  therapj. 
diagnostic  use  of,  221 
Calmetto'8  conjunctival  reaction  in,  221 
Moro  test  in,  221 
von  Pirquet's  reaction  in,  221 
Tuberculin  therapy,  215 

ezpcrimental  observations  in,  217 
method  of  treatment  in,  219,  220 
preparation  of  tuberculins  for  use  in,  219 
dosagc  in,  218 
results  of,  220 
site  of  injection  in,  220 
tuberculin  reaction  in,  217,  218 
varieties  of  tuberculin  in,  215 
Beraneck^s  tuberculin,  216 
Denjs'  bouillon  filtrate  (B.  P.),  216 
Jochmann^s  tuberculins,  216 
Koch's  bacillen-emulsion   (B.  E.),  215 
Koch'8  old  tuberculin   (O.  T.),  216 
Koch's    tuberculin    residue    (T.    R.)    or 

new  tuberculin,  216 
Landmann*s  tuberculol,  217 
von  Ruck^s  tuberculin,  216 
8pengler'8  tuberculins,  217 
Tuberculosis,    a    contra-indication    to    opera- 
tions,  186 
anesthetic  to  be  used  in  operations  in,  186, 

187 
of  bursse,  632 
of  muscles,  619 
treatment  of,  619 

Beck^s  bismuth  subnitrate  and  vaselin 

injection   in,   620 
operative,  620 
varieties  of,  619 
of  spine,  plaster-of -Pariš  jacket  for,  742 
treatment  of  wound8  due  to,  696 
Tuberculous  glands,  radium  therapjr  of,  770 
Tuberculous  nodules,  radium  therapjr  of,  770 
Tuberculous  sinuses,  radium  therapy  for,  770 
Tuberculous  tenosjnovitis  of  hand,  640 

operative  treatment  of,  640,  641 
Tuberculous  ulcers,  radium  therapy  for,  770 
Tubulization  in  nerve  bridging,  541 
Tumors  of  muscles,  622 

of  nerves.    Sce  Neu  romata. 
Typhoid  fcver,  a  contra-indication  to  opera- 
tions, 152 
surgical  complications  of,  152-154 
acutc  abdoininal  conditions,  153 
perforation,  153 
typhoid  j^angrene,   153,  154 
prophylactic  vaccination  against,  214 

reaction  in,  215 
vaccine  thenipv  of,  215 
Typhoi<l  gangrene,   153,  154 
Typhoid   perforation,   153 
Typhu8  fever,  surgical  complications  of,   154 

Ulcerationa,  chronic,  radium  therapy  for,  771 
Ulna,  fracture  of  shaft  of,  723 

moulded  plaater  splints  for,  723 

reduction  of,  723 


Ulnar  and  median  nerves,  injuries  a£fecting, 

559 
Ulna  and  radius,  fracture  of,  722 
moulded  plaster  splints  for,  723 
reduction  of,  722 
Ulnar  artery,  ligation  of,  in  continuitj,  428 
anatomy  of,  428 
operation  in,  429 
in  hand,  430 
in  juncture  of  upper  and  middle  thirds, 

429 
in  lower  third,  429 
in  wri8t,  429 
Ulnar  nerve,  injuries  to,  557 
at  elbow,  558 
etiology  of,  558 
8ymptomB  of,  558 
treatment  of,  558 
j  ust  above  wrist,  557 
treatment  of,  558 
Unger^s  clamps  for  use  in  transplantation  of 

veins,  292,  293 
United  States  cavalry  automatic  pištol,  effeet 

of ,  654 
Upper  extremities,  edema  of,  Handlej^s  op- 
eration for  establishing  artificial 
channels  for  lymph  drainage  in, 
332 
infected  wounds  in  joints  of,  treatment  of. 
666 
Uranoplasty.     See    Cleft   palate,    operations 

for. 
Uremia,  contra-indication  to  operation,  192 
Urethra,  gunshot  wounds  of,  671 
Urinary  bladder,  gunshot  wounds  of,  670 
Uterus,  inoperable  cancer  of,  radium  therapj 
for,  768 

Vaccination,  dosage  in,  203 
interval  between  doses  in,  204 
prophylactic,  against  bubonic  plague,  212 

against  cholera,  206 

against  typhoid  fever,  214 
reaction  in,  215 

in  cerebrospinal  meningitis,  211 

preceding  operation,  204 
treatment  of  wounds  due  to,  688 
Vaccine  therapy  in  acne,  205 
in  adenitis,  210 
in  angina,  210 
in  anthrax,  in  animals,  206 
in  arthritis,  206 
in  Bacillus  aerogenes  capsulatus  infection, 

206 
in  bubonic  plague,  212 
in  carbuncle,  205 
in  cerebrospinal  meningitis,  211 
in  chronic  furunculosis,  205 
in  colon  bacillus  infections,  206 
in  diphtheria  carriers,  207 
in  dysentery,  207 
in  ery8ipela8,  208 
in  glanders,  208 
in  gonococcal  infections,  212 
in  gonorrhea,  209 
in  Hodgkin^s  disease,  210 
in  influenza,  210 
in  localized  infections,  210 
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Vaccine  therapj  in  o8teom7eliti8,  210 
in  otitis  media,  210 
in  pneumococcuB  infections,  212 
in  pjorrhea  alveolaris,  211 
in  rabies,  212 

in  rheumatic  fever,  acute,  213 
in  scarlet  fever,  213 
in  treatment  of  wound8  in  blood  infections, 

692 
in  tjphoid  fever,  215 
Vaccines,  201 
autogenous,  204,  205 
use  of,  in  amputations  through  infected 
tissues,  664 
dosage  of,  203,  204 
interval  between  doses  of,  204 
mijced,  205 
poljvalent,  205 
preparation  of,  201 
estimating  number  of  bacteria  in,  202 
growing  of  cultures  in,  201,  202 
sterilization  of,  ' '  f ractional, "  202 
prophjlactic    administration   of,   preceding 

operation,  204 
sensitized,  204 
standardization  of,  203 
stock,  204,  205 
Vagina,   sterilization  of,   in  preparation   for 

operations,  150 
Varicella,  a  contra-indication  to  operation,  154 

surgical  complications  of,  154 
Varicose    aneurjsm    in    gunshot    woundB    of 

neck,  669 
Varicose  veins,  operations  on  veins  to  remove 
cause  of  circulatorj  disturbance 
due  to,  320 
choice  of  method  in,  325 
ezcision  in,  320 

Babcock'8  method  of,  323 
circular,  323 
inversion  method  of,  322 
Majo  's  method  of ,  321 
spiral,  323 

Trendelenburg 's  method  of,  321 
incision  in,  323 
results  of,  326 
Buture  method  in,  324 
Goenen's  method  of,  324 
Delbet  's  technic  of ,  324 
Hesse  and  Schaak^s  technic  of,  324 
Jeger^s  technic  of,  324 
Vein,  use  of ,  in  nerve  bridging,  541 
Veins,  operations  on,  285 
anatomical  considerations  in,  285 
for  drainage  of  cavities,  etc,  295 
transplantation  of  veins  in,  295 
to  alter  blood  or  circulation  for  stimula- 
tion  or  mcdication,  295 
blood  transfusion  in,  299 
choice  of  methods  in,  316 
contra-indications  to,   300 
dangers  of,  318 

agglutination  in,  318 

air  embolism  in,  319 

alteration     of    gaseous    tension    of 

blood  in,  319 
blood  embolism  in,  319 
dilatation  of  heart,  acnte,  in,  319 


Veins,  operations  on,  to  alter  blood  or  circula- 
tion for  stimulation  or  medica- 
tion,  blood  transfusion  in,  dan- 
gers of,  hemoljsis  in,  318 
transmission  of  disease  in,  318 
defibrinated  blood  used  in,  341 
direct  transfusion  in,  303 
arterj-to-vein  method  of,  303 
Bemheim^s  tube  in,  306 
Brewer's  tubes  in,  308 
Garrel'8  suture  in,  308 
Crile's  cannula  in,  303 
Elsberg^s  cannula  in,  305 
vein-to-vein  method  of,  309 
Fauntleroy's  tubes  in,  309 
general  management  of,  300 

amount  of  blood  to  be  transfused  in, 

303 
controlling  of  inflow  of  blood  in,  301 
testing  blood  of  donor  and  recipient 
in,  300 
historj  of,  337 
apparatus  used  in,  earlj,  337 
later,  339 
recent,  340 
sjringe  methods  of  recent  times  in, 
340 
indications  for,  299 
indirect  transfusion  in,  310 

Curtis  and  David  method  of,  310 
Coole^   and    Vaughan^s   method   of, 

312 
Kimpton's  method  of,  312 
Iiindeman's  method  of,  312-315 
McGrath^s  method  of,  315 
Satterlee  and  Hooker^s  method  of, 
316,  337 
operation       with       hirudin-coated 
pipeta    in,    353 
preparation      of      pipets     with 
hirudin  coating  in,  354 
operation      with      paraffincoated 
pipet  in,   345 
apparatus  in,  346 
instruments  in,  345 
preparation  of  pipets  with  par- 

a£Sn  coating  in,  352 
technic  of,  347 
theoretical      considerations      and 
principles  underlying,  342 
instruments  for,  300 
paraffin  methods  in,  342 
intravenous  infusion  in,  296 
amount  of  fluid  in,  297 
contra-indications  for,  298 
indications  for,  297 
method  of,  298 
pressure  of  fluid  in,  297 
Solutions  in,  296 
temperature  of  fluid  in,  297 
tirne  of  infusion  in,  297 
intravenous  injection  in,  295,  319 

technic  of,  296 
venesection,  319 
to  check  bleeding,  286 

bandages  and  compresscs  in,  286 
cautery  in,  286 
digital  pressure  in,  286 
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Veins,  operations  on,  to  check  bleeding,  f  orci* 
pressiire  in,  286 
gauze  packing  in,  286 
ligation  in,  286 
postural   comprcssion   in,   286 
torsion  in,  286 
to  prevent  embolic  infection,  326 
to  restore  or  reestablish  circulation,  286 
lateral  ligation  in,  286 
suturing  of   veins   in,   287 
transplantation  of  veins  in,  291 
materiala  for,  291 
methods  in,  291 
operative  technic  in,  293 
results  in,  293-295 
in  animals,  295 
venous  anastomosis  in,  288 
end-to-end,  288 

operative  technic  in,  288 
results  in,  289 

in  veins  of  animals,  289 
end-to-side,  289 
side-to-side,  290 
to  remove  cause  of  circulatorj  disturbance 
due  to  varicose  veins,  320 
choice  of  method  in,  325 
eicision  in,  320 

Babcock'8  method  of,  323 
inversion  method  of,  322 
Mayo's  method  of,  321 
Trcndelenburg 's  method  of,  321 
Foster^s  method  of,  323 
incision  in,  323 
circular,  323 
spiral,  323 
results  of,  326 
suture  method  in,  324 
Coenen's  method  of,  324 
Delbet  's  technic  of ,  324 
Hesse  and  Scbaak^s  technic  of,  324 
.Teger^s  technic  of,  324 
Venesection,  819 
Vcrtebrsp,      fractures      of,      plaster-of-Paris 

jacket  for,  742 
Vertebral   artery,   ligation   of,  in   continuity, 
418 
anatomy  of,  418 
operation  in,  419 
results  of  operation  in,  419 
Viscera,  inoperable  cancer  of  or  near,  radium 

therapj  for,  769 
Volkmann^s  ischemic  contracture  of   muscles 
of  arm  and  leg,  616 
causes  of,  616 
results  of,  616 
treatment  of,  616-618 
Volkmann^s  ischemic  paraljsis,  559 
Volkmann  sliding  rcst  in  fractures  of  shaft 

of  femur,  731,  732 
Vomiting  in  anesthesia,  137 
Vulvovaginitis    in    children,    vaccine    therapj 
of,  209 

Warfare,    gunshot    wounds    in.      See    under 

Gunahot  wound8. 
Wart8,  radium  therapj  of,  764 
Wasps,   stings  of,  treatment  of  wound8  due 

to,  686 


WasBermann  reaction,  principles  of,  119,  222, 

223 
Water,  sterilization  of,  25 
Weigert'8    theor^    to     explain    h^perplasia, 

197 
Whitman's  method  of   reduction   and   reten- 
tion  in  fractures  of  neck  of  fe- 
mur, 729 
in  cases  with  impaction,  729 
in  cases  without  impaction,  729-731 
Whooping-cough,    a   contra-indication   to    op- 
erations, 157 
Wieting  's  method  of  end-to-side  arteriovenous ' 

anastomosis,  276 
Wiring  in  treatment  of  aneurjsm,  369.     Scc 

also  Aneurjsm. 
Wiring  with  electroljsis  in  aneurjsm  of  ab 
dominal  aorta,  384 
in  innominate  aneurysm,  386 
in  saccular  thoracic  aneurjsm,  380 
complications  in,  381 
results  of,  381 
Wolf    free    graft    implantation    method    for 
restoration  of  ejelid,  520 
method  of  skin-grafting,  522 
Woodbur7'8  method  of  skin-grafting,  522 
Wound8,  classification  of,  681 
cloBure  of,  technic  of,  32 
Butures  in,  32 
subcuticular  suture  in,  33 
contused  and  lacerated,  685 

treatment  of,  685 
due  to  bums.    See  Bums. 
gunshot.    See  Gunshot  wounds. 
of  tendons.    See  Tendons,  wounds  of. 
open,  683 

abrasions,  683 

contusions  and  lacerations,  685 
incised  wounds,  683 
linear,  683 
punctured,  684 
poisoned  and  infected,  686 

due  to  ba^itcrial  invasion,  689 
in  actinomycosis,  696 
in  anthrax,  695 
in   blastoraycosis,   697 
in  blood  infections,  691 
general  treatment  in,  691 
local  treatment  in,  691 
preventive  measures  in,  691 
specific  treatment  in,  691 
in  cellulitis,  690 
in  diphtheria,  695 
in  erysipelas,  690 
in  gaseous  or  emphysematou8  cellu- 

Utis,  690 
in  glanders,  696 
in    infections    by    specific    micro-or- 

ganisms,  693 
in  lymphadenitis,  690 
in  lymphangitis,  689 
in  madura  foot,  697 
in  putrefactive  infections,  692 
in  pyogenic  infections,  689 
in  syphilis,  696 
in  tetanus,  693 

carbolic  acid  treatment  in,  694 
chloretone  in,  694 
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VVounds,  open,  poisoned  and  infected,  due  to 

bacterial    invasion    in    tetanus, 

local    treatment    of    Buspicious 

wound8  in,  695 

magnesium   sulphate   by   subdural 

injections  in,  694 
tetanus    antitozin    injections    in, 
693 

intracerebral,   694 
intraneural,  694 

intraspinal  and  intravenous,  693 
in  tuberculosis,  696 
non-bacterial,   686 

due    to    bites    of    mo8quitoe8,    flies, 

ticks,  bedbugs,  etc,  686 
due  to  definite  chemicai  poison,  686 
due  to  poisoned  weapons,  688 
due  to  snakebites,  687 

constitutional  treatment,  687 
local  measures,  687 
due  to  spiders,  tarantulas,  centipedes 

and  scorpions,  687 
due    to   stings  of   bees,   wa8p8   and 

homets,  686 
due  to  specific  virus,  688 
due  to  hydrophobia,  688 
due  to  vaccination,  688 
subcutaneous,  682 
treatment  6f,  682 


Wright'8  method  of  standardization  of  vac- 

cines,  203 
Wri8t,  dislocations  at,  757 
of  carpal  bones,  758 

in  mediocarpal  joint,  758 ' 
of  semilunar  bone,  758 
of  carpometacarpal  joints,  758 
of  lower  radio-ulnar  joint,  757 
backward,  757 
forward,  757 
of  radiocarpal  joint,  757 
backward,  757 
forward,  757 
Wri8t-drop  in  musculospiral  paraljsis,  556 
Wry  neck,  spasmodic,  533 
operative  treatment  of,  533 
posterior  root  section  in,  535 
resection  of  cervical  nerves  in,  534 

X-ra7,  use  of,  in  locating  bullet  in  gunshot 
wounds  in  warfare,  655 

X-ray  bums,  700 

X-ra7  keratoses  and  ulcerations,  radium 
therapjr  for,  764 

v.   Ziemssen's  method   of   blood   transfusion, 

340 
Zine  ozid  adhesive  plaster,  12 
for  holding  wound  dressings,  660 
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